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COMPETITION IN FUNGI 


I. A Study of the Growth Reactions of Non-Parasitic Fungi 
in Associated Culture 

By T S vSadasivan 

{From the Deportment of Botany, Lueknotc Unttertify) 

Heteived November 14, 10 i*} 

(fk)nimunKate(l by Dr S N Das Gupta, ph D , n i c.) 

IntroduchoH 

Thu earlier works on mixed culture arc mostly studies on growth reactions 
of fully developed mycelia in a given medium The present work was under- 
taken to study the influence of one fungus upon another in paired and asso- 
ciated cultures in media variously modified, with a view to gaining an in- 
sight into the nature of competition in fungi 

In nature, competition occurs whenever more than one fungi associate 
together, and the success or failure of a fungus dqiends upon the chemical 
and physical nature of the habitat and upon the environment It must 
also depend, to some extent, upon the effect the fungi exert upon one another 
A study of the latter aspect is the main objective of this paper 

Growth reactions in artificial culture are not necessanly true indications 
of what may occur on host in nature (Machacek. 1928), but nevertheless, it 
was thought that studies in simpler media are likely to throw more hght on 
general problem of competition, particularly with regard to saprophytes, than 
studies using complex host tissues 

This paper which is the first of a series deals with the growth reactions 
pnmanly of two non-parasitic fungi, Fusanum and DmdryphneUa, in asso- 
mated cultures, The detailed investigation was restricted to these two fungi 
only since it was found that a larger number of combinations wonld make 
the work unwieldy Similar experiments with parasitic organisms will follow 
m subsequent papers of the series 

MaUrtal and Method 

Six fungi were utilized for preliminary observation The fungi differed 
both in the microscopic and macroscopic characters, and these afforded an 
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easy means of distinguislung the competing strains in mixed growths Out 
of these six only two fungi were chosen for a detailed investigation The 
names of the fungi together with a very short description of their macro- 
scopic characters are given below 

1 Fitsanum sp Mycehum white, moderately fluffy, non-2omng, 

submerged mycehum very little 

2 DendryphteUa sp Mycelium dark, fluffy, non-zomng, submerged 

mycelium abundant 

3 Phoma sp Mycelium white, fluffy, zoning with distinct 

dark-red rings Visible as light band at the 
top very clearly in the substratum 

4 Helimnthosponum sp Mycelium greyish-white, slightly fluffy, zomng, 

submerged mycehum very httle 

6 Montha sp Mycehum dark-grey, moderately fluffy, zomng 

with rings of darker grey colour Submerged 
mycehum very httle 

6 Gtbberella sp Mycehum whiti^-grey, mostly superficial, thm 

growth, non-zomng 

The actual combinations in which the fungi were paired are given 
along with the experimental details 

The method of investigation consisted in inoculating a given plate of 
nutritive medium with two fungi (members of a pair) and comparing the 
growth rates and the relative area occupied by the competing fungi with 
those of the controls 

The strains were inoculated at different degrees of proximity, vtz , 2 cm 
apart, adjacent (two inocula touching each other) and mixed, with individual 
controls 

For purposes of getting the average rates of growth and also for verifica- 
tion of results replicates of three petn-dishes were used in each kind of in- 
oculation with two controls for each of the strains 

The growth rates of the competing fungi and of the controls were noted 
every twenty-four hours together with other features of interest The 
growths ansing from mixed inocula were examined under bmocular micro- 
scope whenever required 

The standard synthetic medium used throughout the experiment as 
basal medium, except where otherwise stated, had the composition . glucose 
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2 *0 gm , potassium nitrate 2 0 gm , magnesium sulphate 0 75 gm , potas- 
sium phosphate 1-25 gm . potato starch 10 0 gm , shredded agar 16 0 gm 
and distilled water 1 litre 

The detailed work on Fusanutn and DendryphteUa was earned out in 
the standard medium variously modified by the addition of N/10 hydro- 
chlonc acid and malic acid in acid senes, sodium carbonate and sodium 
hydroxide in alkali series, in different percentages , the details of which are 
given in appropriate jilaces 

Fetri-dishes 2 cm deep and 11 cm in diameter were used in all cases 
The different media were poured 1 6 cm deep to enable to make necessary 
observations in the substratum as well The usual methods of sterilizing 
petn-xlishes and media were employed 

At the commencement of the work the punty of the vanous fungi was 
assured by taking monohyphal cultures and maintaining stock cultures in 
tubes of standard synthetic medium 

For purposes of inoculations equal amount of inocula were used from the 
peripheral regions of the cultures of four or five days growth in standard 
media and for imxed inocula cultures these were thoroi^hly mixed by means 
of a scalpel and then inoculated 

All operations were carried out in aseptic condition 

The work was done at temperatures ranging between 18-20® C 
Preliminary Observations 

As has been already stated six strains were utilircd for the expenment 
The monohyphal cultures cf all these six strains were grown in standard 
synthetic medium in order to compare their growth rates and their morpho- 
logical characters A short account of the macroscopical characters of each 
of the strains has already been given , the rate of growth for different strains 
IS given graphically in Text-Fig 1 
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Number of days 


• Monxha *p • Phtmia sp 

• JE'tftartum Hp ° Qibberella sp 

> Dendryphtella sp • Helminthoaponum Bp 

Text-Fig 1 — flraphs bUciwiu^ tlu» radial »piead in mrn of tho funni Momha sp , 
Oibherella Bp , Dentlryphiella sp , Helmmihonporunn Bp , Phoma Hp 
and Fumnum Bp in standard synthetic inMcluitii 


It will be seen from Text-Fig 1 that Montlta has the fastest growth rate 
followed by GtbbereUa, Helmtntkosportum, Fusanum, DendryphuUa and 
Phoma in descending order 

For expenment on competition the strains were paired m such a way 
that each member of a pair had mycelium of different colour, to enable easy 
detection of hyphte in mixed growth The combinations employed were 
as follows 


1. Fusanum 

and 

DmdryphtMa 

2. Fusanum 

and 

Gtbberetta 


, . white, non-zoning. 

dark, non-zoning. 

.. white, non-zomng 

. . greyiSb-white, non-zomng 
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3 Photna 

and 

HelmtfUhosportum 

4 Photna 

and 

Montlta 

5 Photna 

and 

Dendryphtella 


white, zoning 

greyish-white, zoning 
white, zoning 

dark-grey, zoning 
white, zoning 

dark, non-zoning 


These six strains in the above five combinations were inoculated 2 cm 
apart, adjacent and mixed, in standard synthetic medium plates Controls 
were kept 

The results show that in the combinations employed the growth rates 
of the associated cultures were not much different from those of the control 
strains 


In adjacent and mixed cultures the faster strain usually enveloped the 
slow growing strain and the later appeared as sectors P'or example in 
adjacent and mixed cultures of Dendryphtella and Photna, Dendryphtella 
which is slightly fast growing occupied the major portion of the growth 

Mixed and adjacent cultures of Dendryphtella and Photna were, however, 
exceptions Although the former was decidedly fast-growing, it was the slow 
growing Photna that dominated, and Heltntnthosportum appeared as small 
sectors in a major growth of Photna 

The appearance of sectors as found in the above mixed cultures in 
isolated areas is interesting Obviously these had their origin in the onginal 
inoculum, but their continuity was difficult to establish Among the other 
features of interest were the behaviour in regard to the formation of colour 
and zonation in the mixed growths 

Colour — In the region where the young hyphw of Montlta and Photna 
arising from inocula planted 2 cm apart came in contact wnth each other, 
there a few millimetres inside the growing edge of Photna culture, was formed 
a single dark-red band very clearly visible in the substratum As the faster 
Montlta colony started encircling the Photna, the dark-red band appeared at 
the region of fresh hyphal contact, while the colour became fainter at the 
first place of appearance The red band gradually moved further up where 
the younger hyphse of Montlta had come in contact with younger hyphse of 
Photna. 

Bla 
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When the entire Phoma colony was enveloped by Momha and the 
younger h3T)hie of the latter occupied a position directly opposite to the 
first place of contact with Phoma the band moved to the new place of contact, 
the colour at the original place ha\mg disappeared 

The formation of colour at the line of contact of two colonies is well 
known but the subsequent disappearance as noted here is peculiar 

The fresh, younger liyplue of Mmnba induces the formation of the dark- 
red band in Phoma coloin This must be due to the interaction of the 
staling products of the two c domes The subsequent disappearance of the 
colour band mav be attributed to the excess; of a chemical substance due to 
its accumulation or to Ihe formation of a new chemical by the older 
myc elium 

Zoning — In normal cultures Phoma and Helminthosponum produce 
7onation although Dendryphiella does not When Phoma and Helmxntho- 
sponum were inotulated adjacently to form a mixed growth Helmmiho- 
sportum appeared as sectors In the mixed growth the zonation of both 
Phoma and Hclmtnihosponum persisted , the red concentric rings of the former 
forming almost an unbroken ring with dark bands of the latter When the 
growth arose from the mixture of inocula, the important point observed was 
the complete absence of zonation in Phoma and the persistence of the same 
in Hebmnihospontm The identical results were obtained with Phoma 
combined with Dendryphiella In adjacent cultures Phoma zoned very well 
as in controls but in mixture culture zonations m Phoma were singularly 
absent 

Detailed Observations 

With a view to making a detailed investigation it was decided to 
concentrate on two strains, that is one i)air of strains only, instead of the five 
pairs used for preliminary observation In order to find out the best reacting 
strains all the six strains were inoculated individually iii 0 1, 0 25, 0 6, 1 0 
and 2 0 per cent malic acid in standard synthetic medium DendryphieUa 
and Fusanum having proved more sensitive to the acids, were chosen for the 
investigation 

As has alrcadv been seen Fusanum and DendryphieUa are also easily 
distinguishabh macroscopically by the striking difference in the mycelial 
colour — fusanum being white and Dendryphiella dark-grey Microscopically 
the difference lay in the hyphal characters and branching Further profuse 
sporulation occurred in Dendryphiella where its growi:h met that of Fusanum 
This last character particularly fat ilitated the detection of the boundary of 
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the DendryphteUa growth, especially in the case of jjartial and complete 
suppression For these experiments the fungi were inoculated 2 cm apart 
and adjacently 

Glucose senes — The combined effect of various salts in the standard 
medium having failed to yield much result, individual salts like glucose and 
potassium nitrate were tried in different concentrations using agar as the 
basal medium 

Glucose was added to 1 5 per cent agar in the strengths 0 1, 0 2, 0 4, 
0 5, 0 6, 0 75, 1 0, 1 5, 2 0, 4 0. 6 0, 8 <), 10 0 and 12 0 per cent steamed 
instead of autoclaved for sterilization and plated Fusanum and Dendry- 
phiella were inoculated 2 cm apart and adjacent controls were kept 

The results are given m Text-Figs 2 and 3 where the diameters of six 
days growths are plotted against the glucose concentration for 2 cm apart 
and adjacent cultures respectively 



' » - Fusanum (Conti’ol) 

- t — — , Ucm apart) 

*.(3— — —— Dendryjihtella (Control) 

(2 cm apart) 

Th\T-KlO 2 — rirapha showing Ihe behavioui of ftmarntm sp and I^rnthyphulhi np 
m associated cultun* and in control in j^liuose stance Inucula 
placed 2 cm apart 
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Fusanitm ((!ontrol> 

(Adjacent) 

Dendryphtella (Control) 

(\djacpnt) 

Tfxi-Fw — GiajjhH showinRtho behnMour of till twolimBifM««rittTO Bp anADendry- 

phiella sp in asBoriated (\iltuto and in control in glucoxc senca 
Inocula placed adjaccntlj* 

It Will be seen from Text-Fig 2 that m the cultures where the fungi had 
been inoculated 2 cm apart 

1 Fusanum and Dendryphtella are inhibited in the presence of each 
other as compared to the controls Of these, however, Fusanum shows a 
greater inhibition than Dendryphtella 

2 At lower concentrations of glucose 0 1-0 6 per cent Fusartum 
has a lower growth rate than DendryphteUa both in control and in paired 
cultures At 0 76 per cent f* wsanum accelerates and throughout the ibghei 
concentrations employed, the one in control remains by for the fast 
growing 

3 In completing cultures at concentrations 0 3 to 4 0 per cent 
DendryphteUa has a faster growth rate than Fusanum, but beyond 4 0 it is 
the other way round 

4 At concentrations 0 1 to 0 6 per cent Fusanum and DendryphteUa 
colonies do not meed!: when inoculated 2 cm apart and the mycdia of the two 
growths thin out as they approach each other 

It will be seen from Text-Fig 3 that in adjacent culture 

1 Throughout the senes Fusartum and DendryphteUa are inhibited m 
the presence of each other as compared with the controls except in the case 
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of Fusartufn at 0 3 per cent Of these however, DendryphtMa is very 
markedly inhibited by Fusammi 

2 Fusanufn dominated throughout Dendryphtella in addition to 
being retarded has three points of complete inhibition at 0 1, 0 2 and 0 4 
per cent There is a slight growth at 0 3 per cent which probably is due to 
the associated Fusattum being slightly less active at that concentration 
The almost complete inhibition at concentrations 0 1-0 4 is especially 
interesting since about that region Dendryphtella in the control has a faster 
growth than Fusanum 

3 As in the case of 2 cm -apart-culture from 0 75 per cent and 
beyond Fusanum outgrows Dendryphtella 

4 In competing cultures Fusattum always has a decidedly faster 
growth rate 

In Text-Fig 4 is illustrated diagrammatically the dominance of Fusanum 
ovex Dendryphtella in adjacent cultures where Fig 4 (A) indicates the complete 



Tmxt^Fig. 4 A~F — Dlagrammatit I'epi'esontation of ilio relative area occupied by 
Fumttum ap and Dendryphtella sp in variona concentrations of 
glucose Inooula adjacent 

Shaded area reproeonts Fmanum 
Unshaded area represents Dendryphtella 
Dots indicate sponilation of Dendryphtella 
A* Fueofxum and Dendryphtella inoculated adjacent in 0 1, 0*2 and 0 4% 
glucose showing complete nuppi'esslon of Dendryphiella, 

B Same stridns In 0-5% glucose showing the appearance of Dendryphtella 
C* Same strains m 1*5% glucose bhowing an acceleration of Dendryphtella 
growth over that in 0 5% 

JO. Same strains in 2 0 % glucose showing an acceleration, 
il. Same strains in 4*0% glucose showing a retardation of Dendryphiella 
F» DenOryphteUa showing an acceleration over 4 *0 % with the addition of 
8 * 0 %. 
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inhibition of At cWa as seen m 0*1, 0*2, 0*4% glucose, the fluctua- 

tions in the relative area occupied by the two strains in other concentra- 
tions are shown in Fig 4 (A-F) 

Potassium nitrate senes — Potassium nitrate was next tned with 1 5 
per cent agar in strengths 0 1, 0 25, 0 5, 0 75, 1 0, 1 5, 2 0, 4*0, 6 0, 
8 0, 10 0 and 12 0 per cent Fusarnm and Dendryphieila were inoculated 
2 cm apart and adjacently Controls were kept 

The results are given graphically in Text-Figs 5 and 6 where the dia- 
meters of SIX days growths are plotted against the potassium lutrate concen- 
trations for 2 cm apart and adjacent cultures respectively 



Pusanum 


(Control) 


(2 cni apart) 

Dendryphxella (Control) 

(2 cm apart) 

Tfm-Fiq ' — Oiaphs Hhowinj; the bohavioui of Fusarntm ep and Dendri/phittlla sp 
m aHsociatod culture and in control m KNOs series lucoula placed 
2 cm apart 


It will be seen fiom Text>Fig 5 that in cultures 2 cm apart, there was 
virtually no difierence in the growth rates shown by DendryphteUa, Fusanum 
and their controls, up to the concentrations of potassium mtrate 0 1-1 6 
per cent Beyond this concentration Fusanum defimtely takes tqiper hand, 
but nevertheless the fui^i in associated cnltures have almost similar growth 
rates to those of the controls, showing that the mteraction of the two fungi 
has resulted into inhibition of growth rates only to an insignificant extent. 
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In adjacent culture (Text-lug 6) in media up to the concentration of 
0 76 per cent the growth rates of associated cultures and the controls are 


^ V\ \ 



% 

• 

% 

% 

« 






V / \ 




L , V 

01 025 05 075 101520 40 &0 80 100 


05 075’’ 101520 4O'&0’'8O 100120 

Potassium nitrate per cent 

■> ■ l usartum (Control) 

^ (Adjacent) 

(Control) 

(Adjacent) 


-o— > — — — Dendryphtella 

rnommmmmfm 


Tl >ct-Kio 0 — GrapIiM tfl»o\\in« tlie IthaMonr of Fuftanitni sp and Dendryphtella np 
in associated (ulfur* and in coutiol iti KNO^ 8tnes Inornla placed 
odj loeiit U 

almost the same except for that of Fusarmm which shows a definite retarda- 
tion Beyond 0 76 per cent Fusartum, both in the control and in assoaated 
culture, is much faster than Dendryphtella In concentrations 0 1 to 0 6 
per cent Dendryphtella dominates Fusartum, they are almost equal at 
0 76 per cent but beyond that concentration Fusartum completely domi- 
nates Dendryphtella as is shown by the difference in the growth rate between 
the two At 4 per cent Dendryphtella shows very slight growth which is 
completely inhibited at 10 per cent although the control maintains a 
steady rate of growth Dendryphtella seems to exert no influence up on 
Fusanttm at relatively higher concentrations as judged from its rate of 
growth 

The domination of Fusartum by Dendryphtella in lower concentrations 
of potassium nitrate (0 1-0 5) and the dominatioh of Dmdryphtdla by 
Fusartum m higher concentrations (1 0-10 0) and complete inhibition of 
the former by Fusartum in still higha concentrations are illustrated dia- 
grammatically in Text-Fig 7 (A-I) 
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Tvxt Pio 7 4-/ — DiagraniTnaiic ropreBeniation of relative area occnjiied by Piwonum 
and Bendr^fphiella in vanons conceniiations of KNO^ Inocola 
adjacent 

Shaded area represents Pu»aruim 
TTnshadeil area reprosonlH DwdryjthieUa 
Dots indicate spoiatlation of Dendtyphxelia 
A Pusanum retesBive with a sectorial growth in 0* 1 % j 
li Pumrium accelerates with addition of 0 26% , 

C Fusarxum further accelerates with addition of 0 6 % : 

D P'uftanum growth is equal to that of DendryphieUa growth in 0 *75 % ; 

P Dendryph}eUa retards and occupies a sector in Puaarmtn growth m 
1-5%, 

P DmdryphieUa further retards with addition of 2 *0 % , 

G Dandryphnlln occupies a still smaller part in 4-0% , 

H DendryphieUa occupies a very small area in 0 0% and 8 0% , 

1 Pntiri growth is that of and there is no growth of Dexdrif* 

pkieUu with addition of 10 0 and 12 0% KNOs (Diagrammatic) 

It IS seen from Pig 7 that Fusanum starts as a small sector in 1 per cent 
potassium nitrate (7A), increases in size with the increase in concentration 
(7B-7C)» attaining the same size as DendryphieUa becomes reduced to a very 
small sector in 4 per cent (7G), still smaller in 6 per cent and 8 per cent 
(7H) till there is no growth of DendryphieUa at 10 per cent and 12 per cent. 
(71, and Plate I, Pigs 16-20) 
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Ac%d senes — ^Mahc aad was added to standard synthetic medium in 
strengths 0 026, 0 06, 0 1, 0 2. 0 3, 0 4, 0 6, 0 76, 1 0, 1 6, and 2 0 per 
cent and plated Fusartum and DendryphteUa were inoculated adjacent 
and 2 cm apart Controls were kept 

The results are shown graphically in Text-Figs 8 and 9 where the dia- 
meters of SIX days gro\l^ths are plotted against acid concentrations for 
adjacent and 2 cm -apart-cultures respectively 

It will be seen from Text-Fig 8 that m adjacent culture Dendryphtella 
shows a marked increase in growth in 1 per cent to 1 75 per cent over 
Fusartum although m lower concentrations, it is either being dominated by 



■ ■ - ■ Fumnum (Control) 


o 


, (Adjcicout) 

Dendryphulla ( Control ) 

V (Adjacent) 


Text Fio 8 — Giaplm showing the t^o fungi FuBarmm sp and DendryplueUa sp 
m asAoctait^d cultun Ami m lontrol m Mallo aud aerlee Inocula 
placed adjacently 


Fusartum or has a similar growth rate In 2 cm -apart-culture (Text Fig 9), 
tliroughout the series the two fungi run closely parallel to each other and 
to the controls 

Far interesting is the fact that the controls of both the strains, Dendrjh 
phtdla and Fusartum, stop growth at about 1 5 per cent acid But when 
they are inoculated 2 cni apart and adjacent, the point of total inhibition 
IS raised from 1«26 to 1 76 per cent The result demonstrates a marked 
increase in the tolerance of acid due to the association of the strains. 
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FuManum (Control) 

(2 cm apart) 

o — Dendryphtella ( Control ) 

mmmmwmOmmmmm (2 cm apart) 

Tevt-Fio 0 — Graphs showint? the behaviom of Fumriunt sp and Dendrifphielta 6p 
in jissoclatod culture and in control in Mahc acid scries Inoruln 
placed 2 <m apart 

Alkalt series — The effect of alkali on the competing strains was next 
tried by using sodium hydroxide and sodium carbonate 

Sodium hydroxide — This was added to standard synthetic medium in 
the following strengths and plated 0 01, 0 025, 0 06, 0 075, 0 1, 0 25 and 
0 5 per cent Inoculations were made 2 cm apart and adjacently Controls 
were kept 

The results are shown graphically m Text-Pigs 10 and 11 where dia- 
meters of SIX days growth are plotted against concentrations of sodium 
hydroxide for 2 cm apart and adjacent cultures 

The behaviour of the strains in the senes was very interestii^ It will 
be seen from Text-Fig 10 that in cultures 2 cm apatt DendryphteUa dominat- 
ed in percentages 0 01, 0 025, 0 075 and 0 1, but all the time both growing 
slower than in controls At 0 25 per cent the Fusanum so far slower than 
DendryphteUa becomes faster both in 2 cm-apart-culture and in the 
control, due to the sadden drop in the growth rate of the latter At 0 5 per 
cent, when the controls have ceased to grow both the strains still continue with 
Fusanum somewhat dominating 

In adjacent culture the reactions of the fungi are very similar to that 
for cultures 2 cm apart as already eiqilamed In the latter case, however* 
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Sodtim hydroxide per cent 


Fusar%um 


(Control) 

(2 cm apart) 


** Dendryphxella (Contpol ) 

(2 cm apart) 

Tkxt-Fio 10 — Oiaphfl showinj? ilic bchavioui of Funanam Bp and Dendryphxella sp 
m as>so(Uitcd rultuns and in contiol in NnOll soucs Inociila placed 
2 ( m apart 



Sodium hydroxide per cent 


M ■ » — 1 ^, Fueanum (Control) 

I — ■ I ■■■■■ „ (Adjacent) 

— o— — — — Dendf^pAtrfla (Control! 

HiMaiOMMMiw „ (Adjacent) 

Ticrr-Fio 11 — Graphs showing the behaviour of Fusortum sp. and Dendryphxella sp. 

in associated culture and in control in XaOH senes. Inooula placed 
adjaoenidy. 



16 T. S. Sadasivan 

Fusanum shows peculiar fluctuations, vtz , acceleration at one strength and 
retardation at the next 

It will be seen from Text*Fig 12 (A-G) that in a medium containit^ 
0 01 per cent sodium hydroxide, Fusanum is confined to a small sector-like 
groiwth m a major growth of Dendryphtella [Text-Fig 12 (A)] In 0 25 per 



Tv KT FiO 12 — Diagrammatic representation of the relative area occupied bv 

Fmarunn Bp and DendryphwUa sp in vaiious concontrations of 
iVaOH Inocula adjacent 

Hhaded area represontg Fuaanum 
rjnshadcd area represents Dendryphtella 
Dots indicate spomlatlon of Dendryphtella 
A Paearuim oicupies a small sector in a major growth of Dendryphtella 
with the addition 0 01% NaOll to the standard medium , 

D Pnaarmm acceloiatca with tlir* addition of 0*025% , 

C Fusanum retards again with the addition of 0*05% , 

D Fuaarium acceleiates with 0 075% ; 

B Fusanum again i^tards with addition of 0*1 %, 

F Fusarlum growi<h ih more than that of Dendryphtella with 0*25 % ; 

(i Fusanum dommat.es the growth and Dendryphtella occupies a sector 
at 0*5% NaOH ( Diagram matic) 

cent sodium hydroade the two growths occupy equal area In 0 05 and 
1 0 per cent Fusanum ib restneted to a small sector, while m concentra- 
tion 0 075 per cent Tusartum outgrows DeniryphuUa and occupies half 
the area of the entire growth and at 0 5 per cent dominates DeniryphtMa 
completely restricting it to a very small sector 

A comparison of Text-Figs 1 1 and 12 will diow that in this case there 
IS no conespondence between the relative growth of the two fungi and the 
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area occupied by them in adjacent cultures It is seen from Text-Fig 11 
that in all concentrations up to 0 1 per cent Dendryphtdla greatly dominates 
the Fusanum, having almost twice the growth rate, in spite of that 
at 0 026 and 0 076 per cent of NaOH occupies area equal to that occupied 
by Dendryphtdla , these are the concentrations when Fusanum shows 
accelerated growth 

It IS interesting to note that in these senes as in the others already 
mentioned, the associated fungi are capable of growth m higher alkali 
in adjacent culture and in culture 2 cm apart while they have ceased to grow 
in the control plates 

Sodium carbonate — This was tried m the following percentages with 
standard synthetic medium 0 01, 0 026, 0 076, 0 1, 0 2, 0 4 and 0 76 
The two strains Fusanum and Dendryphtdla were inoculated 2 cm apart 
and adjacent The results are shown graphically in Text-Figs 13 and 14 
where diameters for six days growth of the competing strains and of the 
controls are plotted against various concentrations of sodium carbonate for 
2 cm apart and adjacent cultures respectively 



Sodium carbonate per cent 


Fumn u m (Control ) 

,, (2 cm apaH) 

Dendryph %eUa ( Control) 

. (2 cm apart) 

TKVT-Fra, — Uraphs showinK tho bobavjonp of FuMarium np an»l Dendryphtelln sp 
In asMociated cnltui'e and In control m NagC^Oa seIlc^^ with mocula 
placed 2 cm apart 
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'■'« ■■■ ' P'vAanvm (CJoutiol) 

(Ailjaront) 

— “ — c — — — — jfjt ndryph lella ( ( 'ontrol) 

(Adjarent) 

Tixr Fjo ]1 — (iiaphs showia^ bf*havioui of Fmarinm bp and Dendiyphivlla sp 

m tuit80<iaW rultuie and in tontroJ in MP^ Inocula placed 

adjacent h 

It will be seen from Text-Vig 13 that m the concentrations of sodium 
Larbtmate employed Fu<tartmi and DendryphteUa growing 2 cm apart do not 
show siginhLant difference from the controls upto 0 4 per cent At 0 75 
per cent however, both the fungi continue to grow while there are no growths 
in the controls 

Particularly interesting results are seen in adjacent culture (Text-Fig 14) 
In media containing 0 01 per cent and 0 025 per cent sodium carbonate 
busanum has the same growth rate as in the control , at 0 076 per cent 
there is a sudden drop At 0 I per cent of sodium carbonate the growth 
rate shows a marked increase and at 0 2 per cent it is again virtually the 
same as that of the control At 0 4 per cent the competing Fusartum has 
a slightly higher growth rate and beyond that at 0 75 per cent where the 
growth of the controls has completely ceased, it continues to grow 

A comparison of Dendryphtella in control and in adjacent culture with 
Fmanum is still more interesting In adjacent culture Dendryphidla has a 
much slower growth rate A slight addition of sodium carbonate 0 01 
per cent brings down the rate considerably and at 0 025 the growth of the 
fungus IS inhibited At 0 075 per cent DendryphteUa shows definite accele- 
ration DendryphteUa is finally inhibited at a concentration beyond 0 1 
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per cent sodium carbonate although growth in the control continues till 
0 75 per cent 

The results arc of great importance They show a definite inhibitory 
influence exerted by Fmanum on Dendryphtella In sodium carbonate 
concentration where Fusanum is active. Dendryphtella is considerably 
inhibited and with the decrease in the activity of Fusanunty Dendryphtella 
shows a corresponding increase Beyond 0 1 per cent however, husanum 
completely checks the growth of the fungus 



Ti-xr Ku. !*> t /> — I>ia{;raMun«ih( i< pn «.i nlatitm of tiu ifhilno nroi ofiiiinet] b\ 
P'lt'njnuiit itul Jh ndttfpliirlla in vnitniH ronr» ntialion** of \ii 
lno( Ilia aiJjnri nl 

Hhadi il an a jcpit sontn f’^usaninn 
(IiiKlnulf^d lepiewrntH DendrypUtciUt 
Dots indicate spoiulalion of Dendryphtella 
1 DrndryphieUa foinis a sector in an entire jyrowtli of Fanariam at 0 01 % , 
D V(iY little pmwtli of Dendryphtella Mem with the addition ol 0 025% , 
^ DPiidryphteUii atieleiateM A^ith the addition of 0 075% , 

D Then no ^xowih id Dendryphtella the dominant st nun bem^ Z' i/iifrirK/Nt 
III peicentdges 0 I to 0 75 nf Na.f'Oj 

Text-Fig 16 (A-D) will show diagrammatically the inhibitory influence 
exerted by Fusar%utn on Dendryphtella in sodium carbonate senes At 
0 01 per cent and 0 075 per cent Dendryphtella forms a small sector, at 
0 026 per cent it is restricted to a very small arel near the centre, at 0 075 
per cent it occupies a much bigger area and is completely inhibited at 0 1 
per cent 

Dtscusston 

A certain amount of work has been done on the growth of fungi in mixed 
culture Harder (1911), Cook (1924), Porter (1924), Machacek (1928), 
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Vanm and Vladimirsky (1932), Endo Sigeru (1932, 1933) and others have 
worked on different aspects of the problem 

Harder has given a detailed account of changes in the rate of growth, 
in hyphal structures, of the formation of colounng matter, phenomenon of 
aversion, etc , in mixed cultures ot a number of strains He has also demon- 
strated that one mycelium does not kill another Vanin and Madinursky 
(1932) have shown that in the mixed cultures of Mertdms lacrymans and 
Contophora urehella, at an early stage, the mycelium of each grows normally 
without interfering with each other lyater the mycelium of Meridtus 
lacrymans outgrows that of C ontophora cerebeUa causing a considerable retar- 
dation in the growth of the latter Endo Sigeru (1932) has shown that the 
presence of micro-organisms is one of the factors controlling the sclerotial 
formation in Sclerohum oryzm-sattvoe The inhibition and retarding action 
of one fungus on another in mixed culture have been worked out iii detail 
by Porter (1924) Cook (1924) has made an interesting study on the sacces- 
sron of fungi in artificial culture and Machacek (1928) on the association of 
phytopathogens 

On the applied side of the problem Endo Sigeru (1933) has found that 
the antagonistic action of several organisms prevented appearance of a 
disease due to Hypochmts Sasaktt Shtrat Vasudeva (1930) has demon- 
strated that the parasitic activity of a fungus is greatly retarded by the 
presence of a non-parasitic fungus and Asthana (1936) has found some 
interesting results on the effect of various fungi on the parasitic vigour and 
other characteristics of Botrytts ctnerea 

The problem is approached from altogether a different view-pomt in this 
invc*stigation An attempt has been made here to find out how two fungi 
will behave in different growth conditions in associated cultures when they 
are grown contiguously or a little distance apart and how will they influence 
each other’s growth 

It is evident from the various experimental data given that fungi are 
influenced not only by the change in the composition of the medium but also 
by the association of one strain with the other A profound alteration in 
growth reactions occur when these are grown adjacently and 2 cm apart m 
altered condition of the medium 

Where a fast-growing strain was paired with a relatively slow-growing 
one. It was usually the faster strain that outgrew and enveloped the slower 
one, but reverse condition was also found where the slow-growing Phoma 
strain in mixed and adjacent cultures had completely dominated the faster 
UelmtHlhosportum restricting it to small sectors 
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It IS in the detailed investigation of the behaviour of Fusartum and 
Dendryphtella, however, that more interesting results were obtained 

The domination of one stram over another as seen from the extent of area 
occupied by the competing strains of Fusanum and Dendryphulla in a mixed 
growth arising from inoculation either put adjacently or 2 cm apart, in 
various concentrations of the chemicals employed is very instructive 

Fusanum is only slightly faster than Dendryphtella in standard medium 
Nevertheless in almost all the senes so far employed, glucose, potassium 
nitrate, sodium carbonate and sodium hydroxide as the concentration was 
increased Fusartum gradually dominated Dendryphtella in adjacent culture 
In the highest concentration of potassium nitrate and sodium carbonate 
employed the growth was all Fusartum to the total inhibition of Dendry- 
phtella 

The details of reaction in different senes, however, differed to a large 
extent In glucose, for example, there wc’e three inhibition iioinls at 
relatively low concentrations of 0 1, 0 2 and 0 4 per cent where Dendry* 
phtella was totally suppressed But at 0 2 per cent , however, there was a 
certain amount of growth of Dendryphtella, which probably is due to the 
associated Fusanum being slightly less active at that concentration 

In subsequent concentrations, Dendryphtella occujiied a relatively small 
sectorial area throughout and was never again completely suppressed even 
in the highest concentration employed In sodium carbonate series too the 
major growth of Fusanum contained a sector of Dendnphtella whose area 
fluctuated in higher concentrations Dendryphtella was completely inhibited 
in concentrations 0 15-0 75 jier cent 

In potassium nitrate series it is the Tusanum that appeared as a small 
sector, which gradually became larger as the concentration of potassium 
mtrate increased finally suppressing the entire growth of Dendryphtella 

The rc^sult in sodium hydroxide senes, however, was more complicated 
Fusanum appeared as a small sector at the lowest concentration But in- 
stead of a steady increase in the area with the increase in the concentration of 
sodium hydroxide there was alternate rise and fall. A semi-circular area in 
one concentration was followed by a small sector m the next till at 0 5 per 
cent Fusanum dominated the growth and restnc'ted Dendryphtella to only 
a small sector 

A companson of the results indicates that on the whole, the reaction of 
one strain against another is more pronounced in adjacent than in 2 cm.- 
apaTt--culture 
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The influence of Fusartum and Dendryphtella upon each other is wdl mani- 
fested in the difference between the growth rates of the strains in associated 
culture on one hand and their controls on the other The growth rate of a 
fungus depends upon the chemicals constituting the media and their concoi- 
trations, but the reaction of the competing strains to the media is also pro- 
foundly modified by the association of one fungus with the other The modi- 
fication in growth rate results in either retardation oi acceleration 

The acceleration of growth rates of the competing fungi in associated 
cultures was primarily observed in higher concentration of chemicals For 
example, both Fusartum and Dendryphtella showed acceleration over their 
controls beyond 0 4 per cent sodium hydroxide in adjacent culture, and 
in the same concentration of sodium carbonate in cultures 2 cm* apart In 
malic acid senes it was found only in concentration as high as 0 75 per cent 
and over Comparatively lower concentration may also bnng out the same 
result Thus Fusartum showed faster growth rate in adjacent culture beyond 
0 1 per cent sodium carbonate 

The acceleration of growth raises the final tnhtbthon point of the strains 
The strains in these cases maintained their growths m concentrations where 
the controls had ceased to grow It was found in all the senes except that 
of glucose h'ot example, in malic acid senes while the controls failed to 
grow at about 1 25 per cent both Fusartum and Dendryphtella continued 
to grow at 1 5 per cent and had respectively diameters of 3 0 mm and 7 0 
mm m adjacent culture and 2 5 mm and 5 0 mm in 2 cm -apart- culture 
Similarly in sodium hydroxide series at 0 5 per cent while control had 
failed to grow altogether, Fusartum and Dendryphtdla had diameters 3 0 mm 
and 2 0 mm respectively in cultures 2 cm apart, and 6 0 mm and 3 0 mm 
respectively in adjacent culture In sodium carbonate agam at 0 75 per 
cent in 2 cm -apartr- culture Fusartum and Dendryphtdla had diameters of 
7 0 mm and 4 0 mm respectively while controls showed no growth At 
the same concentration, in adjacent culture diameter of Fusartum proved 
to be 9 0 mm against no growth of control. Dendryphtdla had stopped growth 
at 0 15 per cent sodium carbonate 

The retardation of growth rates of the competing fungi was usually observed 
in the lower concentrations and sometimes tbrouj^oat the senes 

In malic acid there was retardation for both the strains m concentrations 
between 0 01-0 75 per cent In sodium hydroxide, the strains growing 
2 cm apart had a slightly slower growth rate in lower concentrations , in 
adjacent culture only Fusartum was stron^y retarded bdow 0*4 per cent 
In sodium carbonate in 2 cm -apart-cultore, Fusantm and DeairypkMla 



2 ^ 


Competition tn Fungi — / 

were both retarded below 0 • 4 per cent while the limit for the same in adjacent 
culture was 0 1 per cent The degree of retardation, however, varied This 
was evident in all concentrations of potassium mtrate In glucose senes 
too, in adjacent culture, there was a sbght retardation throt^hout Dendry- 
phtella on the other hand, showed slight fall in growth rate in 2 cm -aparf- 
culture which became very marked in adjacent culture with inhibition pomts 
at 0 1, 0 2 and 0 4 per cent concentrations 

The retardation culminating in the complete suppression of Dendry- 
phtella by Fusanum occur at 0 15 per cent sodium carbonate while the 
diameter the control is 26 0 mm There is a similar and equally striking 
Inhibition of Dendryphtdla at 10 per cent potassium nitrate when the control 
fungus shows a diameter of 20 0 mm 

It IS possible that the media in the neighbourhood of the growths become 
modified, either to the advantage or to the disadvantage of the strains by the 
staling substances produced by them and the observed differences in the 
growth rates are due to the differential reaction of the strains to these 
modified media Or as it has been su^ested by Machacek (1926) the dif- 
ferences may be due to unequal assimilation of available food from the media 
causing the starvation of one organism 

That these factors play an important role in the growth reactions of 
fungi is well known, but it is not improbable that actual contact (Das Gupta, 
1934) or the mere presence of hyphae may, to a certain extent, be responsible 
for some of the observed results 

At particular strengths of sodium carbonate (0 2, 0 4 and 0 75 per cent ) 
in adjacent cultures the retarding influence of Fusanum was so great that 
Dendryphtdla, in spite of having a favourable growth rate in the controls, is 
totally suppressed by Fusanum In such a condition where there was no 
growth of Dendryphtdla the accelerated growth of Fusartum over its control 
could not possibly be due to diffusion of stahng products from Dendryphtdla 
It may be concluded therefore that at leas^ in certain media even ^e mere 
presence of an inoculum of Dendryphtdla placed adjacently to that of 
Fusanum has a striking effect on the acceleration of growth of the latter 

It IS apparent from the study of the results obtained from different 
senes of expenments that growth reaction of associated non-parasitic fungi 
as represented by two strains under consideration, are extremely variable. 
They show vanous degrees of tolerance and inhibition M acha c ek (1928) 
dfstingnished several types of assoaation mi the basis of mutual reaction, 
vta., (1) one organism causes complete inhibition of its associates ; (2) asso- 
ciated organisms are mutually tolerant on each other and so on Results here 
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show, however, that no hard and fast rule can be laid down , in fact, inhibi- 
tion, tolerance, etc , as shown by the fungi are but functions of the chemical 
composition of the growth medium which are profoundly modified by the 
interaction of the organisms upon each other 

Summary 

In order to ascertain the nature of growth reactions in associated cultures 
of non-parasitic fungi six strains were used in five different combinations 

Fusartum sp and Dendryphtella sp , Fusartum sp and GtbbereUa sp , 
Phoma sp and H elmtnthoiponum sp . Phoma sp and Montlta sp . Phonta 
sp and Dendryphtella sp 

The paired strains were inoculated mixed, adjacent and 2 cm apart in 
media differing in composition of acid, alakh and nutntive chemicals and 
their reactions were studied Detailed work was done only with one pair 
Fusanum sp and Dendryphtella sp Some of the more interesting results 
are given below 

In the majority of cases usually the faster strain of a pair enveloped 
the slower one and the latter appeared as sectors But Phoma, a slow growing 
strain, was found to donunate the faster strain of Helmtnthosportum 

Dendryphtella and Fusartum showed differential reaction to the vanous 
media employed There was also a pronounced influence of each fungus on 
the other as judged from the relative area occupied by these in mixed growth 
as well as from their growth rate 

7 he domination of one strain over another as indicated by the extent of 
area oc'cupied by the competing strains of Dendryphtella and Fusartum in 
adjacent and 2 cm -apart- culture vaned with the composition of media 
employed Generally in lower concentrations Fusartum appeared as major 
growth with Dendryphtella as sector In some cases Fusartum appeared as 
a small sector in the major groivth of Dendryphtella Ultimately, however, 
111 all the senes in relatively higher concentrations, it was always the Fusartum 
that dominated the growth , sometime to the complete inhibition Dendry- 
phtella 

The accelerating influence of Fusartum and Dendryphtella upon each 
other was manifest at comparatively higher concentrations and tardy at 
lower, where Fusartum and Dendryphtella both acederated over thdr controls 
both in adjacent and 2 cm -apart-culture The immediate, important 
result of the acceleration was the raising of the fined tnhtbUton point of die 
strains in almost all the series Here the individual strains m associated 
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cultures continued to grow in media where controls had ceased to grow 
altogether 

The retarding xnjiuence of Fumnnm and Dendryphtella upon each other 
was evident in the lower concentrations It was more pronounced in 
adjacent culture Dendryphtella was nore influenced by Fusanum than 
Fusanum by the former In glucose, in adjacent culture, Fusanum totally 
inhibited the growth of Dendryphtella at three low concentrations (0 1, 0 2 
and 0*4 per cent) The most interesting was the complete inhibition of 
Dendryphtella by Fusanum at 0 15 per cent sodium carbonate and 
10 0 per cent potassium nitrate in adjacent cultures although in control 
Dendryphtella showed diameter of 25 0 mm and 20 0 mm respectively 

There is a suggestion that the presence of a mere inoculum of one fungus 
may also, m certain cases, modify the growth reaction of another 

I wish to express my grateful thanks to Dr S N Das Gupta for suggest- 
ing the problem and offenng me ready gmdance and criticism throughout 


Asthana, B P 


Cjok,M T 
Das Oupta, S N 


Bndo Sigeru 


Harder^ R. 


Maehaoek, T £. 


Barter, 0. L. 


B2 


LlTERATtJliE OITRD 

** AntagoalHin m fungi an a meisurc of control m 
* Rod-leg* diB'asc of Lettuce,” Ann Bot , I93d, 4, 
201-07 

Sucoosflion of fungi on cultiu*e media,” Amor* 
Jonrn of Botany, 1921, 11, 91-09 
, ** Studies In the genoia Cytospnrina, Pttomopeut and 
Diaporthe VI On the convpfuon of one Htrain of 
Diaporthe pernvriosa int-o anotlior,” Phil Trans 
Boy Soc Land, 1034, B, 22S, No 107, 131-61. 

” Studies on the antagoninm of micro-oiganismB II. 
Growth of Hypochntts SasaLn Shirai, as influenced 
by the antagonistic action of othei c^rganismB,” BulL 
Miyasaki^ CoUeye of igri and Forostry, 1032, 4, 
133-85 

. ** Studies on the antagonism of micro orgamsms IV 

Growth and pathogemcity of Sclerolium orytm 
MtxvcB Sawada In the presence of other organisms,'* 
tbid, 1983, 5, 61-75 

, ** Ueber der Verhalten vop Basidiomyceten und Asco- 

myoeten in Miscbkultnron,** Nofunr Xetischr f 
Farsstu Lemdw , 1011, Nos 3-4. 

. ” Studies on the association of certain phytopatbogans,** 

MacDonald College, AfcfftU 6*mr, Tech BuU , 1028. 
No. 7 

.. ** CoDoeming the characters of certain fungi as exhi- 
bited by their growth in the presenc*e of other fungi,” 
Aw/or •foam, of Sot*, 1021, lfiS*88. 


r 



26 T. S. Sadasivan 

Vonhi a&d Vlaclimiralcy " On the biolog v of tho lungtis M^ul%U9 Uxtrymant 

and Coniopkara eer^bBlla^'* fiulUUn cf the Xeninr^rad 
[nBiUuUfoT ConitoUmo Farm and Fore&i Peat»f 1032, 
No 3, 67-7 

Vasuveda R Rahal ** Studies In the phyaiolog) of parasitism XII On the 

effect of one organism in reducing the paraaitio 
at.tivity of another," inn Bot , 1030, 44, 557-til 

DESCRIPTION OP PLATE PIGrBBS 

Fias 10 20 ~ Photographs shopping the behaviour of Futtarithti sp and Dendrj/p/iifHci 
sp when grown a.iljacentlv m various conceniralion« of KNO^ The 
darker colon v repi^aents Bendryphiella x 

Fig 10 0 2^% KNO^ Bendryphiella occupies major area and Fuaartum a small 

sector 

Pio 17 0 75% KNOi Bendr}fphiella and Fusarium occupying equal area 

Fig 18 1 % KNOj PMsortum occnpving major area 

Fig 10 2 % KNOa FHaarmm occupving still greater area and Bendryphiella 
forming a sector 

I'lG 20 6 % KNO 3 Fmariam compleMy dominating Bendryphiella restricted 

to a small growth near I he inoculum (dark) 
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EFFECTIVENESS OF CHEMICAL FERTILISERS ON 
THE GROWTH AND WATER REQUIREMENT 

OF WHEAT 
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{From the TtuMute of AgrtcuUural Beaeareh, Benaree Hindu Vnvoeroity) 
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Introduction 

In the previous contnbutions from this Expenment Station on the problem 
of water requirement of a large number of crop plants’" ” besides the 
specific and varietal difEerences and the cntical periods, the influence of yield 
and duration of life-cycle of the plants and also of the soil-moisture on their 
water reqmrement were studied in detail In this commumcation are pre- 
sented the results of experiments on the effectiveness of certain chemical 
fertilisers on the growth and water reqmrement of wheat 

With the increasing application of fertilisers in the successful production 
of crops, the problem of water requirement is becoming more and more 
complicated, this being particularly true when the varied after-effects of 
dressings are studied in conjunction with the water relations of the plants 
Another problem of considerable importance is the requisite supply of water, 
both as regards the amount and the opportune moments, when the fertilisers 
are added so that the maximum growth and yield of the crop may be ob- 
tained-— a problem on which no detailed information is yet available In 
an early investigation on the problem of water reqmrement Lawes* found 
that the water reqmrement of certain plants, speaally peas, clover and wheat 
was dinumshed whereas that of others, e g , barley and beans was considerably 
Increased in response to manunng with chemical fertiliso^ Sachs* ob- 
served a similar depression in transpiration rate when potassium mtrate 
and ammonium sulphate were added to soils A .distinct economising effect 
on the water reqmrement of white mustatd in re^onse to the addition of 
potash specially in soils contaimng smaller amounts of water was observed 
by Maercker’ while Hartwell and his co-worker^ recorded an increase 
in transpiration of wheat seedlings due to the addition of potassium chloride 
(c/ Gardner*) Reed,* on the other hand, noted that transpiration was 
increased on the addition oi lime and sodium phosphate whereas the reverse 

27 
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effect was observed m the case of potassium sulphate and sodium nitrate 
I«eather** working under Indian conditions, compared the water require- 
ment of a number of crop plants supplied with and without manures 
and found a dechne of the same in the manured ones His figures for all 
the crops in general, are, however, much higher than those obtained at this 
Station*^ apparently due to the unsuitability cff his experimental tedmiqne 
of estimating transpuation 

It is thus apparent that this problem of water requirment of crops in 
relation to dressings with different artificial fertilisers awaits further detailed 
and critical study since variations m the effect of the different fertilisers on 
one plant and also of a single fertiliser on different plants are of common 
occurrence Investigations were therefore conducted using the improved 
methods of expenmentation to elucidate the effects of certain important 
fertilisers, e g , ammomum sulphate, ammonium phosphate, superphosphate, 
potassium sulphate and potash mixture on the growth and water requirement 
of wheat under the semiand tropical conditions of this locahty and are 
reported in the present paper 

Procedure 

Pure strain seeds of wheat var Pusa 12 of as nearly uniform size, weight 
and relative density were grown in porous earthenware pots, 9 x 12 inches 
in size, to ensure proper soil aeration Air-dry and well-sieved farm soil 
was thoroughly mixed with each fertiliser separatdy at the rate of 1 *3 gm 
per 10 kgm of soil The weight of one acre foot of the farm soil was then 
determined and the quantity of fertiliser added calculated in terms of lbs 
of F|0| or KjO added per acre The amounts of nutrients added as 
lbs per acre is shown in Table I Before packing the pots, the mixed soil 
was damped a bit with a little quantity of water The pots containing these 
soil-manure mixtures were then grouped into several sets according to the 
nature of the manure added 

To ensure homogeneous growth under as natural conditions as possible 
and also to obtain the best conditions of nutntkm the potted plants wmre 
boned upto the height of the pots in soil-fertihaer mixture of tibe same 
proportion as that in the particular set of pots in shallow trenches lined 
with bricks side by side with the field plants 

At successive intervals six of the mqpenmoital pots selected at random 
were taken out and sealed air-tight in metal containers with wax-petrolatom 
mixture after the manner indicated m an earlier pubhcation from this 
Research Station Kvery morning the loss mcurred throng transpiration 
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TABtB I 

Influence of fertthsers upon the growth of wheat 


Plant oharaotretitiofl 

1 

0 

!l^ 

lu 

I-bS- 

B SB 

iJ " 

ih 

S s 

li» 

Height per plant, om 

es 83 

108 82 

108 82 

80 54 

82 04 

89 21 

8 52 

Tiller number per plant 

3 

8 

7 

6 

6 

7 

1 04 

Dry weight per plant, gm 

14 34 1 

23 71 

22 83 

10 00 

18*18 

10 36 

1 02 

Yield of gram per plant, gm 

4 23 

8 53 

7.73 

6 44 

0 04 

0 74 

2 21 

Yield of itraw per plant, gm 

10 11 

15 18 

15*10 

n 66 

12*14 

12 62 

2*56 

Length of head, cm 

6 43 

12 24 

a 70 

6 01 

9 27 

10 17 

2 60 

Weight of 100 grmini, gm 

4 43 

6 98 

6 01 

5*74 

6 41 

6*03 

1 42 

Volume weight of grains pdr o o , 
gm 

0 72 

0 03 

0 01 

0 83 

0 85 

1 

0 86 


Leaf area per plant, sq om 

14 06 

28 25 

25 12 

17 53 

10*78 

20*06 


Time of blossoming, days after 
sowing 

58 

63 

03 

00 

60 

58 


Puration of floral development, 
days 

20 

23 

23 

21 

20 

28 


lime of fmiting, days alter sowing 

78 

80 

86 

81 

80 

81 

e e 

Time of harvest, days after sowing 

103 

111 

111 

100 

106 

106 



• Thii indiwtei th»t nitrogen and P,0, are added at the rate of 38 Ibe per aore ftmilar 
flgarat for the other treatmenta mdieate the eame in reaprot to the active oonktitnenla 


was recorded and the soil-moisture was brought to the original level by the 
addition of the equivalent quantity of water The moisture content trf the 
soil was determined at intervals of seven days This was done by taking 
representative samples of known weight from different pots and drying in 
steam oven at 100* C The loss incurred m drji^ was calculated in terms 
of percentage loss on dry weight basis It woriM appear from the values 
of moiatttre content thus obtained (Table II) that the plants were growing 
22% soil moisture content since the very beginmng of the age-cycle, 
ensttnng optimum moisture conditiwis for studies on the water 
requirement d cereals ^ 

A full record of meteorological observations was m ain t ai n ed at this 
Research Station The evaporating power of the atamsphete was also 
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Tabia II 


Moisture content of soil at successive stages of age-^de 


Sample 

No 

Date 

Fresh 
weight o! 
oompueite 
sample 

! 

Dry 

weight of 
composite 
sample 

Moisture 
content per 
100 gm 
of soil 

Moisture- 
holding { 
capacity 
of soil 

Moisture 
content on 
percentage 
water holding 
capacity 

^Bia 

Svapozn- 
tion per 
hour in 
gm per 
1000 
sq cm 

1-6 

16-11-1036 

gm 

12 12 

gm 

9 64 

22 21 

58 13 

38 27 


7-12 

22-11-1035 

12 02 

9 38 

22 00 

67 92 

37 99 

26 68 

13-18 

30-11-1931 

12 18 

9 56 

21 64 

68 90 

37 13 

25 65 

10-24 

0-12-1031 

12 10 

0 50 

21 32 

57 54 

37 05 

26 62 

25-30 

13-12-1035 

11 81 

9 16 

22 46 

68 77 

38 20 


31-36 

20-12 1935 

12 35 

9 02 1 

22 07 

68 29 

37 87 

24 52 

37-42 

27-12-1035 

12 01 

9 35 

1 

22 13 

58 08 

38 11 


43-46 

3-1-1036 

12 32 

9 63 

21 97 

57 03 

38 00 


40-54 

10 1-1036 

12 22 

9 49 

22 37 

68 65 

38 21 


55-00 

17-1-1930 

11 86 

0 23 

22 12 

58 03 

38 12 

24 50 

01-66 

24-1-1930 

12 20 

0 48 

22 43 

67*63 

38 92 


07-72 

31-1-1036 

11 93 

9 33 

21 78 

67 60 

37 89 

25 63 

73-78 

7-2-1036 

11 00 

9 41 

21 53 

57 09 

37 71 

20 66 

7»-64 

14-2-1936 

11 80 

9 23 

22 35 

58 47 

38 22 

26 69 

85-00 

21-2-1936 

12 11 

9 40 

22 25 

58*09 

88 31 

27 12 

01-06 

28-2-1936 

12 16 

9 40 

22 20 

58 39 

38 02 

29*32 


recorded from a shallow water pan and used for estimating how far transpira* 
tion at successive stages of growth was related to the evaporating power of 
the atmosphere The seeds were sown on ISth Novem^ 1935 and the 
crop harvested between 6th March to 14th March 1936 

As during the previous studies^**>^^ the evaporation of water from 
soil under similar conditions of atmospheric variables was also measured 
during the period of experimentation The total amount of water required 
for a successful wheat crop in terms of gallons and acre inches was finally 
calculated after taking into account the wato: tranqnred by the plant and* 
that evaporated from the soil during the life-cycle of the coup 
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Opportunities were also availed to study the rehouse of the crc^ to 
the addition of the different fertilisers Thus, the vanations in the morpho. 
logical characteristics of the differently treated plants and also their dry 
matter accumulation were noted at successive stages of their life-cycle and 
were utilised to evaluate the influence of the manunal treatments both on 
the growth and water requirement of the crop The final yield of the plants 
were also sinularly noted Statistical treatments consisted in analysing the 
same by the Fisher’s method of analysis of vanance 

Expmmental Results 

Growth Charactenstics — 

In consequence of the addition of the fertilisers distinct beneficial effects 
on the growth of the plants are noted, prominent vanations from treatment 
to treatment in the morphological characteristics appearing soon after the 
establishment of the seedlings Statistical analysis of the data of the various 
charactenstics collected at the final stage (Table I) indicate that m general 
the treatments have given significantly better results than the control 
series 


In all the treatments, the height of the plants increases significantly, 
the best result being shown when NjtPts* (ammonium phosphate) is added. 
Nitrogen alone (N|s) given as ammomum sulphate gives better results than 
P„ (superphosphate), K„ , (potassium sulphate) and Nj, , K„Pt, , (potash 
mixture) although this last treatment is sigmficantly better than the other 
two Similarly, the tiller number is also significantly increased m response 
to the addition of the fertilisers NtsPst (ammomum phosphate) again 
shows the best result which is also better than K and P added alone 
(ammomum sulphate) and Nj, tKuPu » (potash mixture) in this case show 
Mirnlftf results and are better than K apphed alone 

The period when the blossoms appear for the first time is slightly delayed 
m rqionse to the different treatments as compared to the control plants 
except when Nu t > (potash mixture) is applied This delay is only 

two days iot Knj (potassium sulphate) and Pm (superphosphate) and 
five days for Nm (ammomum sulphate) and NsaP^ (ammonium phoiqihate) 
senes Similarly, the manured plants reqmre 1-3 days more for their floral 
development except in the case of Pm (superphosphate) applied alone 
The time when the frmts appear for the first tune is alro delayed in the 
manured plants, a maximum delay of 10 days being noticed in the cases of 

* This iadicatM that altfogea and P|0( are added at the rate of 88 Ibe. per acre. 
fliwiiiMi flgurea have been used la the paper for the other treatmente also. 
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Ng, (ammoKun sulphate) and Nga^sa {ammonium phosphate) Finally, the 
manured plants are ready for harvest 2-8 days later than the control plants, 
the latter being again necessary for both the ammomum treated scsies 

In response to the addition of the fertilisers excqit when K is apphed 
alone (potassium sulphate) the length of the head is also mcreased sigmfi- 
uantly NgtPgg (ammonium phosphate) shows the best result and is better 
than K and P applied alone The absolute weight of the grams is also signifi- 
cantly increased except again in the cases when IL and F are apphed alone, 
there being no significant differences between the N,a (ammomum sulphate), 
NgaPss (ammomum phosphate) andNugKuPug (potash mixture) The 
volume weight of grains also shows similarly better results with the N and 
NP senes 

The yield of the grains and straw per plant also vanes considerably with 
the different fertiliser treatments K (potassium sulphate) and P (suptf- 
phosphate) applied alone do not however show any significant increase in 
the yield of the gram while these two treatments along with NKP (pota^ 
mixture) also indicate the same when the straw yield is considered N and 
NP (ammomum sulphate and phosphate) give best yidd of grain , while the 
former is better than K (potassium sulphate) the latter one diows higher 
yield than both K (potassium sulphate) and P (superphosphate) The NKP 
combination (potash mixture), however, missed the level of significance m 
the case of straw yield by a very narrow margin 

Although the growth of the crop is best in N (ammomum sulphate) and 
NP (^monium phosphate) series in all respects, the chid disadvantuge of 
these series lies in the fact that the plants are often prone to l^gmg 
while this IS mimmised in the (potassium sulp^te) senes and 

characteristically absent in the other two senes 

The dry weight of plants when plotted against age gives the usual 
sigmoid tjrpe of curve (Fig 1) The curves m general rise gradually to a 
maximum becoming more marked with the different treatments after the 
66th day and show later the maintamance of the ddinite gradatum. 
A statistical analysis of the final dry wei^t per plant of Ihe difiermitly 
treated sets shows a significant increase with all the treatments, the best 
results being shown by NmF^i (ammomum phoqihate) and Kei 
(ammomum sulphate) which are also better than K. P and NKP treatments. 
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When the relative growth rates at successive stages of the life-cyde of 
the plant are considered (Fig 2) three characteristic peaks are noticed m the 
treated and also in the control plants Of the three maxima the first one is 



Ag$ m dayn 

FtG 2 

native growth rate of wheat under fertiliser treatments 


C Control 

N — — — — Ammonium sulphate 

K-- Potash sulphate 

NKP — e — Potaeh mixture 

NP — — — Ammonium phosphate 

P — *- -* •* Buperphoephate 
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observed at the early vegetative phase (21-28 days), the second one at the 
pre-flowenng period (42 days) while the final one is noticed at the flowenng 
stage (63 days) Plants grown with the different fertilisers exhibit a marked 
increase in their rate of growth as compared to the control plants, specially 
during the vegetative and the flowering stages when the need for nutntion is 
most felt A perusal of the curve further indicates that the intensity m the 
rate of growth seems to be partially correlated with the nature of manure 
added Thus, in the seedling stage the (ammonium phosphate) 

treated plants exhibit the maximum growth rate while in the flowenng stage 
this is shifted to N** (ammonium sulphate) senes The significance of thc'se 
results would be discussed iti a subsequent contribution 

Water Re(iuirements — When transpiration per unit dry weight is plotted 
against the age of the plant four characteristic phases become evident 
(Fig 3) The seedling stage (14th day) is characterised by a high transpira- 
tion activity which goes on declining till a low efiiciency is indicated dunng 
the pre-flowenng stage (49th day) There is again a sharp rise and a high 
transpiration rate is observed during the flowenng stage (63rd day) Soon 
after this, there is again a fall and the lowest transpiration rate is obtained 
dunng the senile stage The curves of the plants for both the control and the 
treated series show these four charactcnstic phases, variations being noted 
in each case only in the amount of water transpired for the plants grown 
under different fertiliser treatments One of the chief charactenstics of the 
treated plants is the lower value of transpiration per umt dry weight ^as 
compared to the control plants It is interesting to observe that the plants 
receiving K,, ; (potassium sulphate) show the least amount of transpiration 
while NP, N, NKP and P follow the decreasing order of efficiency This order 
does not remain constant since towards the latter stages of the growth, 
the order reverses to NP, N, NKP and K A study of the data presented 
m Fig 3 further shows that, as m the control plants, the plants of the other 
senes also exhibit the two cntical penods of water requirement which are 
at the seedhng and the flowenng stages of their life-cycle The addition 
of the fertilisers therefore does not bnng about any drift in the cntical 
periods when the maximum supply of water shetdd be available for the 
growth of wheat plants 

The high traniqnration efficiency diff^ently treated plants dunng the 
very early seedhng stage and the pre-floweni^ decline to a very low value, 
and the more or less similar trend of the values for evaporating power of the 
atmoqihere (Table II) indicate that the ups and downs noted in the general 
contour of the curves may partially be related to ^e nse and fall in the 



Trangpiraiion 


36 


B. N. Singh and J. R. Singh 



Age tn days* 

Fzq 3 

TroiiBpiration per unit dry weight at auooeealve life-stagea 
with diflerent fertiUter treatmente 


C Control 

N — Ammonium aulpbate 

NP — Ammonium phoaphate 

P — — — SupenilKMitmm 
K — — — — Potacin aulphafce 
NPK ^ ^ - Potaeh mlntore 
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evaporating power of atmosphere It may farther be remarked that siinilar 
curves for transpiration/dry weight ratio at successive stages of growth were 
obtained with cotton, rice and tobacco*** thus indicating that the pre* 
flowering dechne in water requirement is a characteristic feature of majonty 
of crop plants 

An examination of the data on the total water requirement of the 
plants (Table III) indicates that it is considerably reduced, when the plants are 

Tabi,e III 


Influence of fertthsers on the water requirement of wheat 


TroaimeniB 

Average 

Water requimnint 
bailed on 

trans]>i 
ration pf r 
plant. gOQ 

Pry 

matter I 

aooumii 
Jation 

Gram 

yield 

Control 

5841 01 

407 

1381 

Amtnomum phosphate (NgaFga) 

818b 02 

345 

OCO 

Ammomuin sulphate (Nag) 

8808 17 

386 

1130 

PotauiuiuBulphate ^Kyg f) 

5548 

327 

1010 

Superphosphate (r^g) 

7251 25 

309 

1200 

Potash miacture (Nja s Kg Pja jo) 

7688 85 

397 

1141 

Gritioal difference {P 05) 

16*1 26 

n 10 

510 8 


manured The plants grown without any dressmg of fertiliser require more 
water for their successful growth (umt dry matter production) than those 
supphed with the artificial manures A reference to the critical difference 
even on the 6% level of significance (Table III) shows, however, that the 
differences with the unmanured senes are significant in all the treatments 
except in the cases where (superphosphate) or Nu(KuPus (potash 
mixture) are applied The values obtained for these two treatments are of 
particular interest since the effects of different treatments are clearly shown. 
A perusal of the data further indicates that amongst all the treatments 
Kn • (potassium sulphate) reduces the water reqmrement to the maximum 
extent. When the data of water requirements based on gram yidd are 
reviewed a similar decrease is noted although due to a high error no sigm* 
ffcMt difference is obtained The water requirement plants both on the 
bads of dry matter accumulation and yidd shows two distinct orders as ate 
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put m Table IV where the value of K senes (potassium sulphate) has 
been taken as unity for the former, while for the latter NP (ammomum 
phosphate) supplied this figure 

Table IV 

Relative effictenty of feriiltsers 


Trefttmonis 

Water require 
ment on dry 
weight basis* 

Treatments 

Water require 
ment on grain 
yield basisf 

Potaimium Bulphato 

1 000 

Ammonium phosphate 


Ammonium phosphate 

1 065 

Potassium sulphate 

1 061 

Ammonium sulphate ' 

1 180 

Ammonium sulphate 

1 186 

Potash mivlure 

1 214 

Potash mixture 

1 188 

HnperphoBphaie 

1 210 

Superphosphate 

1 260 

(''ontrol 

1 244 

Control 

1 438 


* Valuf B «tpref>BO(i iti tomiH nf potapaiam ftiilphato taken as 1 000 
t Values expreased tti terms af ammunium phospliatt take n as 1 OCO 


When the question of absolute amount of water necessary for the crop 
after the above fertilisers are added is discussed, a computation of the pntnary 
data shows that the quantity vanes from 7 4 to 9 6 acre inches (Table V) 
for the different senes It is indeed interesting to note that the total 
quantity of water necessary is slightly less when the crop is manured either 
by K (potassium sulphate) or P (superphosphate) alone But when the 
crop IS fertilised otherwise the total irngation in acre inches is increased 
beyond that required for the unmanured plants by about 6-12% 
although such an extra expenditure is more than heaNuly repaid by the high 
increase in yield obtained in all these cases One of the greatest advantage lies 
in the fact that no increase in the number of irrigation is necessitated although 
a slightly heavier demand of water is made It is therefore apparent that 
the fertilisers mav be advantageously used for obtaining higher yidd at a 
relatively low cost of irrigation 

Thus, in addition to inducing favourable variations in morphokigica! 
and other plant characteristics, the benefit of the use of the fertihsen he in 
inducing drought resistivity effecting thereby an economy in the water 
balance of the plant system From a purely economic point of view tibejr 
application has the twofold advanti^e of greater yield accompanied by*a 
lower cost of irrigation 
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TABtE V 

Influence of fertthsers on the water requirement of wheat m acre inches 
and the yield of both straw and grains in lbs per acre 


TroatmentB 

Total water 
required by 
crop per aero 
ill gallons* 

Total 
wat^r 
in acrct | 

inchest j 

Yield per acre 

Oram 
in Ibn 

Straw 
in ItiH 

Control 

10b548 

8 6 

1232 

2944 

Ammonium phospliato 

204^8 

0 U 

1855 


Ammoninm Bulphaio 

217802 

0 0 

IbHl 

3283 

8upcr|>faoBphato , 

10d4«78 

H -5 

J47i 

2Wi2 

Photas mixfure 

214H1 

0 4 

1044 

:i079 

PotaMiium Bulphatc 

i0(Hi02 

7 4 

1374 

2917 


• The^o valuoH wore found out liy addjiig the water tranHpireil by th( crop and the water evapo 
rated from the aoiIh in gallonn }xr acre 

t Thefe valuee have been calculated on the baHis of amc»ut of water riqujred to irrigate one 
acre of wheat 

Summary and Conclusions 

A detailed study has been made to elucidate the after-effects of the 
addition of certain fertilisers, e g , ammonium sulphate, ammonium phos- 
phate, potassium sulphate, superphosphate and potash mixture on the growth 
and water reqmrement of wheat 

Treated plants in general exhibit decided improvement in their growth 
than the untreated ones While the height, tiller number and total dry 
matter accumulation per plant are significantly better in all the fertilised 
senes than the unmanured ones, Kn t (potassium sulphate) and P,, (super- 
phosphate) applied alone do not .show significantly higher increase in 
the yield of grain and straw as also of the length of earhead or the absolute 
weight of the grains 

The general effect of the fertilisers is to cut shoft the water requirement 
4^ the treated plants to values much below that obtained for the control ones 
althotq^with Pk (superphosphate) and Nh(K]|Pi, « (potash mixture) the 
differences are not statistically very sigmficant The total amount of water 
necessary for raising a successful crop of wheat is therefore less in certain 
cases, e.g , potash sulphate and superphoiqihate, while in other senes it 
increases beyond the values recorded for control apparently due to the 
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very hi^ yield of gram obtained in these cases Thus, the ajqilicatlon of 
fertilisers besides showing the higher yield of the crop has the added advan* 
tage of minumsii^ the cost of irrigation 
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I Introduction 

At the outset, it must be pointed out that under the title of anatomical 
studies of Indian and some extrapeninsular Anura, I have examined the 
cranium and larynx by the method of sections and also by gross study, and 
the morphological features of the vertebral column of some Indian anuran 
species by the latter method It may be remarked here, that the study of 
cranial morphology by the method of sections revived at the incentive, 
given by Dr de Villiers of South Africa, is still young The various internal 
anatomical characters exhibited by the anuran species have to be examined 
comparatively and then only we can embark upon any generalizations As 
we go on working, the only procedure can be, therefore, to correlate and 
compare such features as become nianif(>st in the several families and sub- 
families and then try to assess their usefulness from the view-pcant of taxo- 
nomy In trying to correlate these characters, we have to bear in mind that 
the environmental conditions may have a profound influence upon the 
organization of individuals, and that secondary modifications in response 
to changed surroundings are often largely developed 

I have examined the cranial morphology of adult specimens of the 
following species and in many cases more than one specimen has been 
utilised for this purjiose (author, 1932, 1932 a, 1934, 1935, 1935 a, 1987) . 

1 Mtcrohyhda 

Mtcrohyla ornata Dum & Bibr 

Kaloula ptdehra Gunth part (K pidckra taprobanica Parker, 1934) 

Uperodon systoma Schneid (Cacopus systoma Schneid) 

Glyphoglossus molossus Ohnth 

2 Ramda 

liana hexadactyla l^ess 

Rana cyanophlychs Schneid. 

Rana curitpes Jerdon 

3 Rhacopkortda ( Folypedatidse) 

Rhacophorus maculatus Blgr. 

Rhacophorus microtytnpanum Gflnth 

PMautus Petersi Blgr. 

Philautus ckalazodes Gilnth. 

Pkilautus oxyrhynchus Gflnth 
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4 Bufontda 

Bufo melanoshctus Schneid 
Bufo panetahs Blgr 
Bufo hololtus Gunth 
Bufo beddomii Gunth 
Nectophryne mtsera Mocq 

5 Pelobattdce 

Megophrys major Blgr (Af gtgas Jerd = major Blgr ) 

Scaphtopus holobrookit Harlan 

The descriptions of the sections of the larynx of Uperodon systoma 
Schneid, Kaloula pulchra Gunth part (K pukhta taprobamta Parker) and 
Mtcrohyla ornata Dura and Bibr (author, 1932 b) are given , and 
morphological accounts of the larynx of Megophrys major Blgr and 
Scaphtopus hammondn (author, 1935 b) and of the hyoid of these and of the 
South Indian Microhvlid forms named above are dscnbed 

The morphology of the adult vertebral column in the following species 
IS described (author, 1933) 

1 Rhacophoridce (Polypedatidae) 

Rhacophorus maculatus Blgr 
Rk eques Gunth 
Rh tntcrotympanum Gunth 
Phtlautus cheUazodes Gilnth 
Ph ^Ivattcus Rao t 
Ph nasutus Gunth 
Ph, oxyrhynchus Gunth 

Ph sp (marked B in the Central College Museum collection) 

2. Rantdce 

Mtcrtxalus saxtcola Jerd 

Mtcrtxalus ^ (marked A in the Museum collection) 
Nyctibatrachus major Blgr 
N pygmcBus Blgr 
N sanchpalustrts Rao (1920) 

Nannobatrachus kemphoUyensts Rao (1937) 

Rana beddomtt Gilnth 
R bhagmandalensts Rao (1922) 

t Vida form has been ilnoe discovered to bo a now species of Ifyohbatraehu* by Bno 
(1987)i and is therefore, treated as JttfdtluUraehut •ykatteut Rao. 


V 
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R bremceps Schneid 
R brevtpalmata Peters 

R crassa Jerd, ( = R itgnna var crassa Jerd ) 

R cyanophlyctts Schneid 
R curttpei Jerd 
R dtploshcta Blgr 
R gracths Gravh 
R mtermedtus Rao (1937) 

R hithii Blgr 
R leptodactyla Gunth 
R Itmnocharts Wiegm 
R malabartca Tsch 

R panthertna (R Ugrtna var patUhertna Fitz ) 

R parambtculamana Rao (1937) 

R semtpalmata Blgr 
R tenutlmgua Rao (1937) 

R hamtceps Rao (1937) 

The occurrence of a Bursa angularis ons or Mundwjnkeldruse is 
reported by me (1933 a) in Glypkoglossus molossus Gunth , Uperodon systoma 
Schneid, Mtcrohyla ormta Dum and Bibr Kaloitla pulchra Gunth {K ptdchra 
taprobantca Parker) and in Rhacophorus tnaculatus Blgr The Apodan 
genera Ichthyophts and Ureeotypklus were also investigated m this 
connection 

With regard to the Microhyhd species investigated by me, the genus 
Kaloula Gray has been subsequently split into two, Kaloula Gray and Rama- 
nella Rao by Parker (1934) and this splitting is based on the difference in 
the nature of the prevomer Rao (1925) described a new genus of Micro- 
hylid frog from South India which he called RamaneUa symbtottca and he 
makes no reference to the exact nature of the prevomer in this species 
This form, however, was later discovered to be none other than a species 
of Kalotda, K vartegata Stoliczk But Parker (1934) retains the genenc 
name Ramanella for accommodating five speaes which were ongmally 
included under Kaloula Gray and according to him the difference between 
Kaloula Gray and Ramanella Rao is that in the latter, the prevomer is reduced 
and broken up My descriptions of K pulchra were drawn up from a 
specimen of the race which Parker subsequently desenbed as K pulchra 
taprobantca (1934) 

As regards the other genera, 1 mchided Rhacophorus (Po^edt&es) 
under the family Ranidse following the observations of Gadow (1901) and 
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Boulenger (1882 and ]890) But Noble (1927 and 19S1) has dissoaatcd 
Rhacophorus from the Rani(he and erected d new family Polypedatidae, in 
which he includes Rhacopkotus (Polypedates), Phtlautui and some other 
genera Moreover, the genus Rana itself has been split into nine subgenera 
by Boulenger (1920), viz , Ram, lomopterm, Hildebrandtia, Ptychadem, 
Aubrta, Hyloram, Divodeles, Nanorana and Pyxtuphaltt<i The two 
species R hexadaciyla and R cyanophlyctti come under the subgenus Rana 
s, str , while R curtipes is included under the subgeiius Hylaram This 
splitting IS very well supported by my anatomical ubsenaions 

In describing the Bufonid head (author, 1937), I have remarked in the 
introduction that Notaden is a membei of tlic family Bufomdie I have 
followed Gadow (1901) and Noble (I9'31) in this, and Noble (1931) coirc*ctly 
points out that neither Noiaden nor Myobairachus shows anv " affinity to 
bufonids found to-day outside Australia ” and insists that they do not belong 
to the subfamily Bufomnec which according to Parker (in litt ) is approxi- 
mately equal to Bufonidee of (iadow and Boulenger With regard to the 
other genus Nectes, it was placed as a synonym of Pieudobttfo by van 
Kampen ( 1 923) and this uomcntldture is followed by Smith ( ) 930) Furtlier 
the Bufonid genus Cophophryne of Boulenger is treated by Noble (1931) 
under the family Pelobatnhe 

In connection with the vertebral column, I have exammed members 
belonging to the two families Ranidie and Rhaeophoiida; (Pol)q)edatid8e) 
Subsequent to the publication of a note on the procaslous nature of the 8th 
and 9th vertebrae in Rhacophorus maxmus by Mookerjee (1932), it occurred 
to me that " if it could be shown that the vertebrae arc uiuformly procoelous 
in this genus Rhacophorus, then its inclusion under the family Kanidae, 
becomes a questionable procedure ” I have examined four species of 
Rhacophorus of which one {R maculatus) confirms the observations of 
Nicholls (1915-16) in being diplasiocmlous 

II Literature Selected 

In refemng to previous work I have largely restricted myself to recent 
workers who have studied the skull of anuran species by the method of 
sections This does not necessarily mean that I have ignored the morpho- 
logical descriptions of other authors, and in some cases I have not been able 
to secure the necessary literature, and therefore, my bibliographical list may 
not be exhaustive 

III Review 

(o) Nartal region —The very first structure that we meet with in 
the rostral end of the anuran examples studied is the prenasal cartilage 
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associated with the premaxilla In the Microhyhd examples studied, it is 
noticed that Uperodon and Glyphoglossus possess both the prenasal cartilages 
(prenasalis superior and infenor) while their congeners MtcrohyUt orruUa 
and Kaloula pidchra {K p taprohan%ca) possess only the supenor cartilage 
On p 2 of my paper on the Glyphoglossus head (author, 1 932 a) I have said, 
*' At the outset it must be pointed out that Glyphoglossus stands apart from 
the other members of the group Bngystomatidm in very many features 
Both the prenasal cartilages, the supenor and inferior, are present and 
support the premaxillse ” This gives an idea that the Microhyhd 
(Engystomatid) examples examined possess only one prenasal cartilage , 
the sentence ought to read “ Glyphoglossus possesses both the prenasal 
cartilages and in this feature it resembles Cacopus, but in many other 
characters it differs from the other members of the same family with which it 
has been compared” In the Ranid forms {R hexadactyla, R cyanophfyctts, 
R curUpes) and the Rhacophoridse (Polypedatidse), (Rh maculatus and 
jR mtcrotympanum, Phtlaulus peterst, P chalazodes, P oxyrhynchus) and 
the Bufonid examples {B melanosUctus, B partetabs, B holohus, B. beddomtt 
and Nectophryne trnsera) both the prenasal cartilages are present 

Previous work — In the forms examined by de Villiers {Phrynomerus 
1930 a, Cacosternum Anhydrophryne 1921 c, Ascaphus 1934, 

Rhombophryne 1934 a, Mtcrobatrachella 1934 b) the prenasal cartilages 
are double, while in Breviceps fuscus (193ld), the supenor is reduced, 
in Hmtsus (1931 b), the inferior is absent In Bu/o (Schoonees, 1930), 
Phrynobairachus (G du Toit, 1933), Liopelma (Wagner, 1934), Rana 
and Crtma (C du Toit, 1933 , 1934) and Spelteophryne (de Vos, 1936) 
the prenasal cartilages are normally disposed 

The cartilaginous tectum of the nasal capsule gives nse antenorly to the 
cartilago alaris and caitilago obliqua The alary cartilage gives attach- 
ment to the superior preuasal cartilage, while from the cartilago obliqua, 
depends into the nasal chamber, a phea. In Rana the plica (Bruner, 1902) is 
desenbed as a connective tissue projection into the nasal chamber depen ding 
from the tectal cartilage But m the forms examined by me (Microhybdse, 
vtx , Uperodon systoma, K puUhra {K p taprobantca) and Mtcrohyla ornata 
(1932), Glyphoglossus tnolossus {1922 a), Ranidse (1985), Pelobatidse (1935 a) 
and Bufomdee (1937), the plica depend from the cartilago obliqua and not 
from the tectum In Rbacophondte (Polypedatidse) (author, 1934) the plica 
may depend from the tectum (examined species of Phtlautus) or from the 
cartilago obliqua (Rhacophorus maculatus and R mt^otympanum) * 
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Pretnous work — According to de Vilhers the obliquous suspension is 
noticed in Phrynomerus {1930 a), Cacosternum (1031), Anhyirophryne 
(1931c), Rhombophryne (1934 a), M tcrobatracheUa {193i b), and by 
C du Toit in Rana grayt (1933) Similarly in Phrynobatrachus 
(G du Toit, 1933), Bufo (Schoonees 1930) and Spelaophryne (de Vos, 
1936) However in I^iopelmtdse (Wagner. 1934), Cnnta (C du Toit, 
1934) and Brevtceps fuscus (de Vilhers, 1931 d), the phca depends from 
the tectum 

The nasal chamber referred to above is disposed in the form of three 
sacs — the cavum principale, cavum medium and cavum infenus It is 
noticed that posteriorly, the cavum principale opens into the buccal cavity 
by means of the choana The cavum medium gives nse to the ductus 
nasolacrimahs on its external aspect which oi>ens below the eye normally 
by a single opening In Scaphtopus holbrooktt, the cavum medium is com- 
paratively diminished in size The cavum infenus, it may be noted in 
passing, is differentiated into a recessus mediahs towards the septum where 
it is surrounded by glands in all the forms examined Now, this recessus 
mediahs is considered to represent the Organ of Jacobson so commonly 
met with in Reptiles and other examples lyapage (1928) homologises the 
cavum infenus with the Organ of Jacobson and Howes (1891) is inclined to 
believe that the supposed Organ of Jacobson in Amphibia is a maxillary 
sinus Gaupp, however, notes the recessus mediahs as Jacobson’s Organ 
I have followed the descriptions of Gaupp and labelled the thickened internal 
part of the cavum infenus as recessus mediahs 

( 6) Preckoanal sac — Another important feature one meets with in the 
sectional views of the narial region of Uperodon systoma, Mtcrohyla ornata 
and Kaloula pulchra {K p taprobamca) is the occurrence of a prechoanal 
sac In Uperodon systoma anterior to the choanal opemng, there appears 
a vestigial sac in the roof of the mouth — the prechoanal sac In M ornata 
and K pulchra (K p taprobamca) the cavum pnncipale opens on either side 
into a prechoanal sac and these two sacs open into the buccal cavity 
However, in the larval forms of one of these examples (M ornatet) no precho- 
anal sac IS noticed, though m the case of U systoma, the choame of the 
tadpole enter into a spacious prechoanal sac which opens into the buccal 
cavity posteriorly I have not examined the larval forms of Kalovia since 
I was not able to secure the tadpoles Now, with regard to the morpho- 
logical significance of the prechoanal sac found in the adult of Af omaJta 
or K, pulchra (K p, taprobamca), I noticed, that a sitnilat state of affairs 
b met with in Phrynomerus (de ViUiaa, 1930 a) He notes that it is 
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more than probable that the sacs referred to above are vestiges of the Organ 
of Jacobson” Then if this view is accepted, is it that the nanal part of the 
Jacobson’s Organ is represented by the recessus medialis of the cavum 
mferius and the buccal division m Mtcrohyla and KtUoula by the prechoanal 
sacs 7 In the other examples investigated by me, a prechoanal sac is 
absent from Gluphoglossus (author, 19J2 a), Rhacophorus mtcrotympanum, 
Phtlautus peterst, P chalazodes, P oxyrhynchus (author, 1934), Rana 
hexadactyla, R cymophlycUs, R curtipes (author, 1935), Scaphtopus kolbroktt 
(author, 19.15 a), Bufo parietalii,, B kololtus, B heddomtt, Nectophryne mtsera 
(author, 1937) vihiivmRhacophoru’i tnacvlatus (author, 1934) and Megophrys 
major (author, 1935 a), it is present 

Previous work — I will only refer to those forms where a prechoanal sac 
IS noticed Pkrynomerus (de Villiers, 1930 a) has a paired prechoanal 
sac Cacosternum (de Villiers, 1931 a) has an unpaired one , similarly 
in Brevicep<i and Probrevtceps (de Villiers, 1932 a), Hemtsus (de Villiers, 
1931 b), Speleeophryne (de Vos, 1935) and Rana grayt (C du Toit, 
1933) 

(c) SeptomaxtUa — Associated with the nanal cartilages, vtz , lamina 
supenor crista* lutei media: and lamina infenor cnstse intermedise, the 
septomaxilla (internasal of Gaupp) makes its appearance This bone, 
possessing posteriorly diverticula or limbs, is noticed to embrace the 
recessus sacciformis or the infundibulum (the passage between the cavum 
pnncipale and cavum medium) In the case of Rana (author, 1935) the 
posterior portion of the septomaxilla is tnradiate , this arrangement is not 
seen in the case of Scaphtopus holbrooktt (author, 1935 a) It is noticed in 
the latter example that after the fusion of the two limbs (the supenor laminal 
and infenor lammal) of the septomaxilla as in Rana, the bone agam appears 
ail two investments of the planum and continues to be so till it finally disap- 
pears, thus differing from the Ranid type where the bone is noticed to delimit 
the anterior extremity of the planum Now, in the Bufonidse (author, 1937) 
the bone follows the common plan in the examined species of Bufo while in 
Nectophryne mtsera the disposition is slightly different At any rate, there 
IS a common feature between the two genera , a limb of the bone appears 
below the plica in Bu/o and slightly behind the plica in Nectophryne mtsera — 
a feature not met with in the Ranidee and Rhacophoridse (Polypedatidte) In 
the latter family (author, 1 934) the arrangement of the bone is Ramd in nature 
The minor variations noticed are not of great significance but it is to be noted, 
however, that the nature of the bone itself has been intopreted m two ways 
According to I,apage (1928) the bone is considered as ” originally a cartilage 
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bone " and one of the criteria in determining this is " in certain places for 
example, where the septomaxillary ism contact with the lamina superior of the 
cnsta intermedia, these cartilages seem to be continuous with the septomaxil- 
lary — a fact which further supports the view that the septomaxillary anses in 
the cartilage ” (p 413) Now in the case of the examples studied by me, m 
certain regions of the lamiiial cartilage of Uperodon sysloma, Kaloida 
pidchra (K p taprobantca) and Microhyla ornata, the bone is actually in 
contact with the cartilage thereby supporting l,apage*s theory This, in 
fact, IS really very pronounced in K ptUchra {K p taprobantca) I, there- 
fore, concluded at the time that m these examples the bone was of carti- 
laginous origin which, of course, was not supported by embryological 
evidence Subsequent study has convinced me that in a large majonty 
of forms like Rana, Rhacophorus (Polypedates) , Phtlatdus, Bu/o, Necto- 
phryne, Megophrys and Scaphiopus, the bone is sexiarated from the cartilage 
by connective tissue , and, more than that, “ the attachemnet and apparent 
continuity of one end of the bone with that part of the cartilage of the nasal 
capsule does not mean that the bone was preformed in cartilage *' (de Beer, 
1937) A study of the develojiment of the bone will finally settle the matter 
and till then it may be treated as a membrane bone 

Previous work — W K Parker (1881) describes a large number of forms 
without a scptomaxilla, and it has been shown that his observations 
are inaccurate in some cases De Villiers and his school desenbe it 
as a membrane bone 

(4) Enunentta olfactona — Both anteriorly and posteriorly to the 
choana, the solum may give rise to an elevated cartilage into thecavum 
pnncipale which is called the emmentia olfactona Such an elevation is 
remarkably well developed in the fossonal Uperodon sysloma, Mtcrohyla 
ornata and Kaloula pukhra {K p taprobantca) UPerodon is found to live 
several feet below earth, while Mtcrohyla lives under loose sand and 
Kaloula under rocks and the bark of trees Further, in the case of Scaphtopus 
holbrookit (author, 1935 a), Bufo (author, 1937), Glyphoglossus (author, 1932a), 
Rana hexadactyla and R cyanophlychs and (author, 1935), the emmentia is 
elevated In the other examples investigated, tnz , Rhacophorus (Poly- 
pedates), Phtlautus, Rana curttpes, Megophrys major and the arboreal 
Nectophryne nttsera, the emmentia is flat and not elevated The Afncan 
School of anatomists headed by de Villiers pot forward a theory that the 
elevation of the emmentia is closely correlated with the fossonal mode of 
existence of these animals De Villiers (1932 a) significantly remarks m 
this connection that " . .increase m the area of the eminentia olfactoria 
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represents a purely physiological phenomenon, associated with adaptation 
to terrestrial life and has been independently evolved in Buforndte, Ranide 
and Brevicipitidae” This view fitted in extremely well when I worked out 
the Microhylid examples but when I investigated the Ranid forms like 
R hexadactyla and R cyanophlyctts and R curttpes, I was rather struck by 
the variation noticed in the nature of the eminentia It is elevated in 
R hexadactyla and R cyanophlyctts while in R curttpes it is flat It 
is very well known that the former two examples are completely aquatic 
forms, and therefore, the occurrence of an elevated eminentia does not very 
well fit 111 with the theory that the elevated eminentia is closely correlated 
with a fossonal mode of existence even though it may have been evolved 
independently If the two Ranid genera were terrestrial, the independent 
evolution of the elevated eminentia would have amply borne out but since 
they are aquatic, I pointed out (1935, p 6) that '' the elevation of the emi- 
nentia has probably nothing to do with terrestrial adaptations of the Anuia 
It may, however, be said that the structure increases in area purely in 
response to the sensory requirements of the individual” Probably experi- 
mental zoology may be able to clear this difficulty 

Premous work — The occurrence of an elevated eminentia is noticed in 
Phrynomerus (deMillitrs, 1930 a), Brevtceps (deViUiers, 1931 d). Pro- 
brevtceps (de Villiers, 1932 a) and Speltsophryne (de Vos, 1935) and no 
reference is made to it in Rhombophryne (de Villiers, 1934 a) In 
Bwfo angusttceps, Schoonees (1930) records an elevated eminentia 

(e) The sphenethmotd bone {Os en Cetnture Ctmer) — ^This bone 
occurring in the ethmoid region is known as the girdle-shaped bone since it 
forms a girdle round the brain It appears in the antenor sections on the 
lateral aspects of the brain and postenorly extends ventrally also and in 
some examples a piece of trabecular cartilage is left unossified midventrally, 
when the bone is said to be distinctly paired Such a feature is noticed in 
Uperodon systoma, Mtcrohyla ornata, Kaloula pukhra {K p taprobantcu) , 
Rh mcrotympanum and Phtlautus chalazodes In the last two ^eaes the 
sphenethmoid is feebly developed However, in Rana hexadactyUl, R eyano- 
phlyctts, Megophrys major, Scaphtopus kolbrooht, Phtlautus oxyrhynchus and 
P peter St, there is no ventral trabecular piece and the bone is one complete 
girdle In P peterst the bone originates far anteriorly in the septum nasi. 
In Rhacophorus mtcrotympanum a feeble sphenethmoid is seen and in Ram 
curttpes in the sphenethmoid region, no ossification is noticed 

(/) Subethmotdal cartilage — ^There is a remarkable feature noticed in the 
case of Ram cyanophlychs m the ethmoid re(;ton In the anterior r^^on of 
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the sphenethmoid, disposed between it and the parasphenoid, is a cartilage 
which has been called the subethmoidal cartilage, also noticed m Rana grayt 
(C du Toit, 1933) What exactly is the significance of this cartilage, I am 
unable to say 

Previous work — W K Parker’s monc^raph (1881) on the Anuran 
skulls gives us an account of the sphenethmoid but unfortunately 
the double nature is not disclosed in many forms The paired nature 
of the bone is described by de Villiers in Phrynomerus (1930 a), 
Rhotnbophryne (1 934 a), by C du Toit in Crtma (1934), by G du Toit 
and de Villiers in Hyperohus (1932), by Wagner in Ltopelma (1934) 
In the other forms whose cranial anatomy has been studied variations 
are met with In Cacosternum, the sphenethmoid is noticed 
posteriorly (de Villiers, 1931 . 1931 a), the bone is completely girdle- 
shaped in Phrynobairachus (G du Toit, 1933) and in Rana grayi 
(C du Toit, 1933) and in Bu/o angushceps (Schooiiees, 1930) portions 
of cartilage are discovered in the bone In BrevtcePs and Pro- 
brevtceps (de Villiers, 1932 a) and m Spelaophryne (de Vos, 1935), the 
bone IS wanting In Ascaphus (de Villiers, 1934) an orbitosphenoid is 
desenbed and in ' I^iopelmidas ’ Wagner (1934) describes tlie sphen- 
ethmoid as paired Peculiarly in Hemtsus (do Villiers, 1931 b) the 
bone has fused with the nasals above Representatives of 68 genera 
have been examined by Parker (1934) and the normal condition in 
these 18 that the sphenethmoid is single , however, variations in few 
cases were also met with 

( g) MaxiUte — The premaxillai and maxillae do not show many varia- 
tions However, it may be remarked that iii the Microhylid species 
examined by me, vts , U systoma, M ornata and K pulchra (K p tapro- 
bamca), the maxillae (and also the prevomers) are edentulous Now it has 
been long established that no stress need be laid on the dentigerous or eden- 
tulous nature of the bones, for in the same family, members possessing teeth 
(e g , Microhylid Dyscophiiue) and also without them are found Again 
in Bufo and Nectophryne (author, 1937) the maxillae and prevomers are 
edentulous while in Ranidae (the author 1936) and Rhacophoridae (Poly- 
pedstidse) (author, 1934), the maxillae are dentigerous Therefore, tins 
character cannot be utilised for systematic purposes especially with reference 
to the Microhylid family 

Prevtous work — W K Parker (1881) describes a large number of forms 
with and without teeth on the maxillse In desenbing the maxillary 
bones, de Vilhers (1931) also notes that "Noble has repeatedly 
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maintained that no great systematic value can be attached to the 
absence or presence of teeth ” In describing the cramal morphology 
of Cacohternum (1931. 1931 a) he notes that the species of this genus 
behave rather differently , C bbttgen and C capense possess pre- 
maxillary teeth Vihile C nama^uense does not but the maxillee are 
dentigerous Peculiarly, the Microhylid genera, BrevtcePi and Pro- 
breviceps (de Vilhers, 1932 a), Khombophryne (de Villiers, 1934 a) and 
Spelaophryne (de Vos, 1935) possess edentulous maxillse Phryno- 
menis (de Vilhers, 1930 a) which is treated as a genus under the family 
Phry nomen dse by Parker (1934) also possesses, like the Microhylid 
genera referred to above, edentulous maxillf 

(h) Prevomer (Broom) — The topographical disposition and the nature 
of this bone is largely used in Auuran taxonomy In the species that I 
have examined of the Microhylid family, vtz . V 'tystoma, M ornata, 
K pulchra (K p taprobumca) and Olyphoglossus molossus, the disposition 
of the prevoiuer is based on a common plan In U tysioma, the prevomer 
appears divided anterior to the choana, is edentulous and there is a small 
bone posterior to the choana, which I have called the degenerate palatine 
jn consonance with the nomenclature adopted in labelling the bone occumi^ 
in this region in other anuran genera on purely topographical evidence 
In the second species of Uperodon, U globulosum, the prevomer embraces 
the choana (Parker, 1934) and a palatine is wanting Now, since the palatine 
IS absent in this species, it is thought that in other species U systoma also, a 
true palatine is absent and the degenerate bone that is present postchoanally 
[palatine according to me (1932) and Uevanesan (1922)'! may be the posterior 
portion of the prevomer If, however, it is proved that V iystoma is more 
primitive and possesses a prechoanal prevomer and a degenerate palatine, 
then the condition noticed in U globulosum should be interpreted as one in 
which a fused prevomeropalatine bone is noticed My slides of the head 
of U systoma do not provide any clue to this problem In K pulchra 
{K p iaprobamca) the prevomer is large and edentulous and in the alizarin 
preparations that I have examined of K pulchra (K p taprobamca), the 
prevomer is well developed and the postchoanal portion is associated with 
the well-developed palatine I have already remarked that according to 
Parker (1934), the genus Kaloula Gray is split into two genera Kahula Gray 
and Ramanella Rao, based on the nature of the prevomer, and since I have 
not described any species belonging to Ramanella in these two papers (author, 
1932 , 1932 a), I shall not discuss the prevomenne condition in the litter 
genus On p II of my paper (author, 1932), I have said that "The 
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vomer does not form a vomeropalatine and in Kahula the vomer is super- 
imposed by the palatine ” It ought to read that the palatine is super- 
imposed by the vomer Now in M ornata, the prevomer is poorly developed 
and a limb of it extends lutrachoanally as m Phrynomerus (de Villiers, 1930 a) 
but this does not embrace the choana postenorly I ha\e clearly slated 
this point m my paper on Khacophoridae (Polypedatid*) (author, 1934, 
p 84) • “ The occurrence of this nitranasal prolongation of the vomer 
(prevomer) is also noticed in one of the Soutli Indian Engystomatid examples 
Mtcrohyta and in a large number of foreign forms (see Phrynobatrachus 
(G du Toit, 1933) and Phrynomerus (de Villiers, 1930)]” In my speameu 
of Glyphoglossus molossus (author, J932), the prevomer is small and there is 
no intrachoanal prolongation as much as we see in M ornata But in a 
figure drawn by Parker (1934, p 72) of the ventral aspect of the cranium of 
G molossus, a prevomer which embraces the choana is shown I am unable 
to make out the palatine as an independent bone in the figure and in the 
descnption we read “ Prevomer undivided, the postchoanal portion over- 
lying the palatine region and bearing, mesially, one or two knob-like promi- 
nences (Fig 30)” The figure suggests that a prevomeropalatine arrange- 
ment IS present My description of the prevomer in Glyphoglossus (author, 
1932 a) IS that ” at the base of the solum nasi the prevomcr makes its appear- 
ance and unlike the Brevicipitidm and Mtcrohyla, no extension of the pre- 
vomer seems to embrace the choan® in Glyphoglossus” What I mean by 
” embrace " is an intranasal prolongation of the prevomer as in Mtirohyla, 
and not a post -choanal extension as seen in U globulosum As already 
noted above, I have made this point clear in my paper on Khacophorid® 
(Polypedatidffi) (author, 1934, p 81, vtde supra) Further my slides do not 
disclose ' the postchoanal portion overlsnng the palatine region ’ in Glypho- 
glossus as described by Parker (1934, p 72) This is due to the fact that 
my observations were made on an immature specimen In this, the bone 
investing the ventral aspect of the antorbital cartilage which I called the 
palatine is separate, and there is a prechoanal prevomcr When the adult 
condition is reached, the prevomer and the palatine (if it is a palatine) 
obviously fuse together (Parker m litt ) and a prevomeropalatine arrange 
ment is noticed , or it may be that the palatine really represents the post- 
choanal portion of the prevomer Then, the figure drawn by Parker (1934, 
p. 72), represents a prevomer with a postchoanal portion or it may be a 
prevomeropalatine bone Further, Parker points out that this genus 
Glyphoglossus ” ought, perhaps, to be united with Uperodon Uperodon 
globulosum IS almost exactly intermediate between the type species of 
uperodon and Glyphoglossus” In adult U sysfoma, then, there is a pre- 
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choanal prevomer and a postchoanal prevomer or palatine , in G 
the juvenile specimens show a prevomer and a postchoanal prevomer or 
palatine and in the adult, the prechoanal and postchoanal portions fuse 
representing either a prevomer or a prevomeropalatine Similarly in 
XJ globulosum, the bone may be a prevomeropalatine or a true prevomer 
with a postchoanal limb Now, in the Rhacophond (Polypedatid) family 
examined (author, 1934), the prevomer is rather interesting According 
to Boulenger (1890), the difference between Rhacophorus (Polypedates) and 
Phtluutus {Ixalus) consists m the presence of prevomenne teeth in the former 
and their absent e from the latter I have noted in that paper (author, 
1934, p 82) that "This may not be so very safe and stable cnterion of enough 
systematic importance sinie Boulenger himself is doubtful about the exis- 
tence of vomerine teeth in Rhacophorus dubtus” Noble (1927, 1931) at any 
rate, distinguishes Rhacophorus {Polypedates) from Phtlautus by the absence 
of vomerine teeth in the latter and he points out that the genus is denved from 
Rhacophorus by a ‘ loss of the vomerine teeth ' However this may be, the 
family Rhacojihond* (Polypedatidas) according to the same author (1931), 
is a natural group possessing cylindrical sacral diapopyses, intercalary carti- 
lages and a diplasiocoelous vertebral column, and farther confirms his 
statement by saying that " the anatomical evidence at present available 
points toward the Polypedatida: as being a natural group” (p 626) Within 
the family, since Philautus has arisen from Polypedates by the loss of vomenne 
teeth. Noble is inclined to believe that Philautus is not a natural genus but 
a polyphyletic one The sectional views of the prevomer reveal that the 
bone IS dentigerous in Rhacophorus tmcuUUus, Phtlautus chalazodes and 
P oxyrhynchus while in P peterst and Rhacophorus mterotympanum, it is 
edentulous Thus, both among Rhacophorus and Phtlautus, there are 
species with and without prevomenne teeth and it becomes apparent how 
futile it IS to utilise this character for purposes of further classification of 
these two genera If we accept Noble's dictum that the genus Phtlautus 
represents a polyphyletic assemblage, then we are not justified in retaining 
it as a single distinct genus , we may have to merge the several species of 
Phtlautus under those of Rhacophorus This view is very well supported 
by my observation of the prevomenne teeth for, both genera Rhacophorus 
and Phtlautus possess species with and without prevomenne teeth But the 
other aspects of cranial anatomy as reported by me (author, 1984) do not 
warrant this, and therefore, it is very unlikely that Phtlautus is, as Noble 
thinks, poljrphyletic, unless it be that the other characters, too, have been 
developed independently on more than one occasion (Parker m htt ) In 
the Ramd examples studied, vtz , R hexadactyla, R eyanopldycdss and 
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R curttpes, the prevomer is normally disposed with no postchoanal portion, 
IS dentigerous and resembles that in R temporana (Gaupp, 1904) 
In the Pelobatid examples studied Megophrys major and Scaphtopus hol- 
brooktt (author, 1935 a), the prevomeris single on either side and possesses 
two limbs posteriorly In M major (author, 1935, p 72, Fig 6) " on the 
ventral aspect of the eminentia the pievomer is noticed and postenorly, 
it IS divided into two between which the Rachendnise are present (Fig 6 a) 
and more posteriorly the internal limb (Fig 5 b) is present and this is the in- 
trachoanal portion of the prevomer," which, however, disappears postenorly 
In 5 holbrookit, ‘Disposed at the tip of the bony eminentia is the large 
vomerine bone ' (p 72) " The vomer (prevomer) (Figs 4 and 6 v) in 

Scaphtopus underlies the large bony eminentia and, as m Megophrys, in pos- 
terior regions the bone is present m the form of two parts with loose connec- 
tive tissue and the Raclicndruse m between ” (pp 73 and 74) Postenorly, 
the maxillary limb of the prevomer alone persists and this also disappears 
after cutting through some or more sections postenorly In Bufo and 
Nectophryne mtsera (author, 1937), the prevomer is small and edentulous 
It does not extend postchoanally In my introductory chapter on the 
Morphology of the Bufonid head, I have remarkctl about ' the absence of 
the teeth from the jaws (except Notaden) ' and this implies that Notaden 
possesses dentigerous jaws The implication was not intended , Notaden also 
lacks teeth in the jaws, but prevonieriiie teeth are present In passing, it 
may be noted that the systematic position of Notaden is changed now, and 
I am not in possession of the literature referring to it (sec, however. 
Noble. 1931, p 498) 

Previous work — W K Parker (1881) depicts the prevomer in a large 
number of forms and he draws figures of the skulls of two speaes of 
Mtcrohyla under the name of Dtplopelnta and also that of Callula 
pulchra H W Parker (1934) describes, amongst other Micro- 
hylidee, the disposition of this investing bone in Uperodon, Kaloula, 
Ramanella, Mtcrohyla and Glyphoglossus In Uperodon, ' Prevomer 
entire or divided (Fig 31 and 32). the postchoanal portion overlying 
the palatine region and sometimes bearing a raised knob at its mesial 
end' , in Kaloula ‘ prevomer undivided, 'the postchoanal portion 
overlying the palatine region and raised into a strong, sometimes 
crenulate ndge (Fig 33) ’ However, Smith (19^) draws a palatal 
aspect of K pulchra (Fig 10, p 121) and in the descnption he says 
' vomer forming a sharp transverse ndge behind the choana , palatine 
much reduced, its inner extremity underlying the vomers In 
Phrymmerw (de ViUiers, 1930 a), a vomerppalatine arrangement is 
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seen , in Cacosternum (de Vilhers, 1931 a), vomer is edentulous and 
large , in Breviceps (de Villiers, 1931 d), there is an intranasal prolonga- 
tion which IS absent from Probrevtceps (de Vilhers, 1932 a), in Henusus 
(de Villiers, 1931 6), the vomer is absent . m Rhombophryne (Noble and 
Parker, 1926 , de Villiers, 1934a), it is disposed in two parts , in A^ca- 
phus (do Villiers, 1934), there is a toothed prevomcr with the rostral 
portion edentulous , in Spelcpophryne (Parker, 1934 , de Vos, 1935), 
the prevomcr is edentulous , in Cnma (C du Toit, 1934), a divided 
prevomer is present , in R ffrayt (C du Toit, 1933), it is simple and 
undivided , in Phrynobatrachus (G du Toit, 1933), the edentulous 
prevomcr fringes the thoana and in Bufo (Schoouei*s, 193(J), the bone 
lb edentulous Also in Hyperoltut, (G du Toit and de Villiers, 1932) 
the vomer is without teeth 

(t) Palalme hone — In the Anura, the palatine bone shows considerable 
variation Forms with and without, or with degenerate palatine 
or with a prevomeropalatiue are not uncommon Among the 
forms studied by me, in the Microhylid genera, ‘ the palatine observes 
a secjuence in reduction’ Kaloula has a comparatively well-developed 
palatine , Uperodon sysloma a vestigial one (see below) while M ornata 
has lost it Smith (1930) remarks that in the case of K pulchra {K p tapro- 
hantca), there is a ‘ reduced palatine ' and when w'e compare this with the 
other two vSouth Indian Microhylid examples, it must be said that the 
palatine is comparatively well developed In the case of U systoma, a 
bone on the ventral aspect of the quadratoethmoidal commissure has been 
labelled by Devanesan (1922) as palatine and I have also followed the same 
nomenclature Whether it is a true palatine or only a postchoanal portion 
of the prevomer is rather difficult to say and the probabihties have been 
discussed on pp 511-54 With regard to Mtcrohyla, I have noted that the 
palatine is absent (author, 1932, p 11) and that ' Parker (23) finds that 
among the sxiecies of Mtcrohyla an orthogenetic senes could be established, 
ranging from forms having a palatine to forms completely devoid of it As 
early as 1881, W K Parker figured two species of Mtcrohyla under the nan***' 
of Dtplopelma where he has drawn a well-developed palatine Obviously, 
the genus contains species both with and wnthout a palatine bone H W. 
Parker (1928) as stated above, had studied all the species of the genus 
Mtcrohyla and had come to the same conclusion He draws an interesting 
correlation when he says that ‘ only rarely does it persist when the post- 
choanal x>ortion of the prevomer is absent’ In the Ramd and Rha(ophorid 
(Polypedatid) forms examined (author, 1934 , 1936 ), the palatine is normally 
disposed on the ventral aspect of the antorbital cartilage 
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In Megophrys major a single specimen of which I secured from the 
Indian Museum at the time I reported, I have noted (author, 1935 a) that 
the palatine is absent and investing the ventral aspect of the quadrato- 
ethmoidal commissure is a projection of the maxilla This projection 
forms the posterior boundary of the choana However, after examining a 
large number of species of Megophrys, including M major, Parker informs 
me (in litt ) that a palatine is normally present and therefore, my specimen 
does not represent the normal condition Subsequently I examined another 
specimen of M major and also discovered the same feature noticed in the 
first one with regard to the jialatine Mr H W Parker of the British 
Museum has examined my second specimen It is to be noted that the bony 
extension of the maxilla desiribed by me (author, 1935 a) as forming the 
posterior boundary of the choana which I propose to call maxillo-palatine, 
is topographically identical with the palatine of other Anura and therefore, 
Parker (in litt ) is inclined to label this meiely as palatine bone Further 
he states that if it is to be regarded as a maxillo-palatine, one of the two 
assumptions have to be made, vtz , that it is a bone not foreshadowed in 
any frog and apjiears for the first lime here or that the processus frontalis 
of the maxilla has grown ventrally to the antorbital cartilage If, however, 
following Parker, it is labelled as palatine, the union of the maxilla and 
palatine m this region is lost sight of and probably this is the first anuran 
where such a condition of fusion has appeared 

In 5 holbrooktt, the palatine is wanting Further, in the same paper 
(1936 a, p 75) it is noted that ' in all the examined species of Mtcrohyla 
(H W Parker, 1928) the palatine is wanting 'This is not correct, and 
therefore, it should be re-stated that in the exanuned species of Mtcrohyla, 
the palatine may be present or absent In Bufo (author, 1937), the palatine 
IS normally disposed while in Nectophryne misera, the bone is wanting 
On p 1163, 1 have noted m my paper on the morphology of the Bufomd 
Head (1937) that ' Peculiarly, however, in the arboreal Nectophryne, the 
palatines are wanting This, I am informed, gives an impression that 
in all the species of the genus Nectophryne, the palatine is wanting which 
of course is not what I mean , my idea is that in the examined species of 
Nectophryne, the bone is wanting, which I have clearly pointed out in the 
summary of that paper 

Previous work — W K Parker (1881) draws the disposition of the 
palatine in a large number of forms desenbed by him like CaUtda 
ptdehra and two species of Mtcrohyla, which he desenbes under the 
name of Diplopehna, D ornatum vel rubrum and D Berdmoret (}). 
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The descrjpiton of Parker of these two species ate as follows “ In 
D ormtum vel rubrum, the lateral rudiments of the girdle bone are 
less and run into their own alse partially , yet an endosteal deposit, 
with scarcely any perichondnal bone (ectosteal palatine) runs up 
to the cheek " He further mentions the presence of a postpalatine 
being separated from the pterygoid In D Berdmoret, the palatine 
IS feebly developed There is no girdle bone and in both species 
Parker has figured a prevomer I have not been able to secure 
H W Parker’s paper (1931) where an account of the prevomer and 
palatine of Uperodon is given The same author (1934) also de- 
sc'ribes the palatal bones in a lai^e number of Microhylidie In 
Phrynomerus (de ViHiers, 1930 a), a prevomeropalatine is formed, 
similarly in Lwpelma (Wagner, 1934) , in Cacosiernttm (de Villiers, 
1931), C rtnta (C du Toit, 1934) and/2 gray* (C du Toit, 1933), Bufo 
(Schoonees, 1930), the bone is normal In Hemtsus (de Villiers, 1931 b), 
Breviceps and Probreviceps {W6'la), Ascaphtu^ (de Villiers, 1934) and 
Spdeeophryne (de Vos, 1935), a palatine is wanting In Rhombo- 
/)Ary«s (Noble and Parker, 1926, de Villiers, 1934 a), the postenor 
portion of the prevoraer overlies the palatine According to W K 
Parker (1881) in B melanoshcttis, there is a lopsided variation in the 
development of the palatine which, however, is not seen in my 
specimens 

(;) The Nasal, Ftoniopanelal, Squamosal {paraquadrate Gaupp), Ptery- 
goid, Quadratojugal (quadratomaxiUary Gaupp) and Parasphenotd — ^The 
variations noticed in these investing bones are minor and present no great 
morphological significance The nasals may be so situated that the 
sphenethmoid is exposed between them and the frontoparietals, or as in 
Nectophryne mtsera and Megophrys major, the nasals may be separated 
anteriorly where the ossified tectum can be seen The frontoparietals 
extend as far as the nasals anteriorly and postenorly they cover the synotic 
region I have not noticed any co-ossofication between the frontoparietab 
and the exoccipitals, but in Phtlautus peierst, the frontopanetals are united 
mesially and in P oxyrhynchus, the frontopanetals of either side umte with 
the pro-otic bone Both in Megophrys major and Scaphtopus holbrooktt, the 
nasals and frontopanetals are studded dorsally with bony aspentes, while m 
the other examples, the bones are smooth. With regard to tiie parasphenmd, 
the anterior end may show a divided appearance in some 
(Scaphiopus holbrooktt and Phtlautus peters*) ^ * 

The squamosal (paraquadrate Gaupp) m Rana is a tnradiate bone 
according to Gaupp with an autenor, postenor upper and lower aww In 
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the Microhylid examples studied by me, mz , U sysUma, M omata and 
K. pulchra (K p taprobantca), a gradual reduction in the development of 
the arms could be studied and the sequence of reduction being in the order, 
Kaloitla, Mtcrohyla and Uperodon, The posterior arm is reduced in Kalotda 
and Mtcrohyla while it is absent from UPerodon (Devanesan, 1922) In 
Glyphoglossus molossus, it is not reduced In the Ramd, Polypedatid, 
Bufonid and Pelobatid genera examined by me, the bone is typically Ranid 
in nature and these are, therefore, of no great significance 

In discussing the suspensonal region of U systoma, K pulchra {K p 
taprobantca) and M omata, I have said (author, 1932, p 67) that “ In 
Kalotda the processus quadratus becomes one with the processus ptery- 
goideus and thus all the three, quadratomaxillary, paraquadrate and 
pterygoid invest this cartilage, while in Rana only the quadratomaxillary 
invests it” In all the Microhylid species examined and also in Rana, it is 
only the quadratojugal that tnvades the processus quadratus, while the 
squamosal and pterygoid invest it 

Now, in the descriptions of the cranium of the several Anura studied 
by me, I have designated the squamosal bone as the paraquadrate bone 
following Oaupp and de Villiers According to the latter author (1936), 'the 
paraquadrate in the Anura is not an investing bone of the otic capsule and 
as such cannot be a squamosal' Further, he points out that it is typically 
a membrane bone of the palatoquadrate, and adduces embryological evidence 
from the study of Urodela and describes a quadrato-maxillary in the apodan 
Boulengerula (1 936) A year prior to the publication of this paper. Brock 
(1936) having studied the temporal bones in I,irards, Birds and Mammals, 
pointed out that, "There is no need for Gaupp’s term ' paraquadrate ' for 
the reptiles and amphibia, since it is merely a synonym for squamosal, a 
bone which may be defined as a membrane bone prtmartly associated with the 
lateral surface of the quadrate , with the migration of the quadrate (incus) 
into the tympamc cavity, the squamosal of the mammal secondarily becomes a 
bone of the ottc capsule” Probably, de Villiers was not aware of this work (?) 
or at any rate, he does not refer to it In the latest book on the develop- 
ment of the vertebrate skull, de Beer (1937) hai pointed out that since 
Oaupp was not able to discover in Amphibia a squamosal of the type seen 
in Birds sad Mammals, he called it a 'paraquadrate'. This view becomes un- 
tenable when we realise that 'the living Amphibia with their large quadrate 
oartUagea are highly specialised, and that with the reduction of the quadrate 
to the incus which becomes protected by the tegmen tympam, the squamosal 
whidi covered the quadrate in the lower vertebrates, becomes a coverit^ 
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bone of the auditory capsule in the higher forms . ' Thus, it becomes un- 
necessary to introduce the term paraquadrate for describing the squamosal 

It may not be out of place here to remark that de Villiers (1936) has 
^Iso discussed Gaupp's denomination of the quadratojugal as the quadtato- 
maxillary He points out that this is not a sesamoid bone and is represented 
by a quadrate squame in Oymnophiona where it is described as being absent 
According to him, " Gaupp’s nomenclature is followed in preference to what 
might be called a purely topographic one” Brock (1935) does not make a 
critical reference to this bone nor does de Beer (1937), though in describ- 
ing the osteocramum of Amphibia, the latter author retains the term 
quadratojugal and treats it as a synonym of Gaupp’s quadratomaxillary 

Previous work — I am only making a brief reference to these investing 
bones in the other forms that have been studied , the frontopanetals, 
nasals and the parasphenoid are not always normally disposed r m 
Hemisus (de Villiers, 1931 b), the sphenethmoid fuses with the nasals 
In Phrynomerus (de Villiers, 1930 a), there is a large frontoparietal 
fontanelle , in Cacosternum (de Villiers, 1931 , 1931a), these and the 
pterygoid and squamosal are Ramd in disposition, but the fronto- 
lianetalb are poorly developed In Hemtsus (op ctt ) the pterygoid 
is normal while the anterior process is absent from the squamosal 
The frontopanetals are fused together and is disposed over the nas- 
ethnioid In Brevtceps (de Villiers, 1932 a), the frontopanetals are 
separate while in Probrevtceps the nasals and frontopanetals fuse 
together In all the three genera (Hemtsus, Brevtceps and Probrevtceps) 
the quadratojugal is absent, and probably on account of this, de 
Villiers notes that the squamosal and pterygoid have fused together 
In Ascaphus (de Villiers, 1934), the nasals and frontopanetals are 
separate , similarly the pterygoid and squamosal In Rhotnbophryne 
(de Villiers, 1934 a), the diax>osition of these bones is Ramd In 
SpeUeophryne (de Vos, 1936), the squamosal is reduced , the quadrato- 
jugal is absent and in the pterygoid and squamosal have fused and 
the frontopanetals arc narrow bones In the other examples (Crtma, 
Rana grayt, C du Toit, 1934 and 1933 respectively) and Bufo 
(Schoonees, 1930), the bones are normally disposed 

IV The Middle Ear Regton 

In sectional views the relationship of the pterygoid and squamosal 
to the middle ear and to the sound conducting apparatus is clearly made 
out I shall now descnbe the sound conducting apparatus in bnef This 
consists of columella and stapes According to Gatqip, the columeHa is 
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composed of three parts ; a cartilaginous pars externa plectn (extra- 
stapedial of Parker) which abuts on the internal aspect of the tympanic 
membrane , a pars media plectn (mediostapedial of Parker) which is bony 
and an internal pars interna plectn (mterstapedial of Parker) which plugs 
the anterior region of the fenestra where the cartilaginous operculum (stapes 
of Parker) closes or fits into the foramen ovale In the Kamd forms (Gaupp) 
from the pars externa plectn arises a dorsal process (commonly met with in 
Reptilia) called the processus or pars ascendetis plcitn or laterohyal 
(suprastapedial of Parker) which gams attachment with the ciista parotica 
The tympanic membrane or tympanum, a modified legion of the skin in 
that region is held taut by means of an annulus tYinpanicus cartilage In 
some examples, the tympanum is * hidden ’ being covered over by the 
unmodified skin In the Microhyhd examples studied by me, tht tympanum 
IS not externally visible or in other words the skin m this region is not 
modified to cover the tympanum By ‘ hidden' we mean, therefore, the 
condition noted above Gunther, as early as 1858, described in detail the 
classification of Anurous Batrachians deixnding mainly on external and 
readily ascertainable characters, in which the question of " hidden tym- 
panum ’’ as described by Prashad (1918) and Boulenger (1920) is also dis- 
cussed Mivart (1869) in a paper "On the classification of Anurous 
Batrachia ’’ utilises certain osteological chaiacters some of which arc drawn 
from Cope’s studies With regard to the ear, Mivart jxnnts out that he 
agrees with Giinther, in that " the Batrachians with imperfectly developed 
ear would form together an unnatural group and would be separated too 
far from other allied forms” He divndes, therefore, Aiiura, with reference 
to teeth, tongue and perfect or imperfect ear Baiui Prashad (1918) wnting 
on the middle ear of Anura, introduced a new terminology, and on looking 
through his bibliography list, I find no reference to Gunther (1858) and 
Mivart (1869) According to him, the ' tympanic area ' is the name given 
"to the area of skin situated on the temporal patch on the side of the head 
This area is continuous with the skin . . ” Further, the tympamc membrane 

" IS quite a distinct structure lying immediately underneath the so-called 
tympamc membrane of authors. It can be easily separated from the skin 
covering it". It is obvious that it is unnecessary to use this fresh terminoli^, 
for Boulenger (1897, 1920) after referring to the previous workers, has 
remarked that, ‘The tympanum, or drum of the ear, is absent in BotnbtfuUof 
and Pehbates When present it may be concealed under the skin, as in 
some specimens of Dtscoglosstts, Pelodyies and Bufo viUgans, or appear on 
the temple behind the eye as a round or oval disc covered with thin ^in ’ 
)Ri|^tly does de Villiers (1930 a, p 689) point out in this connection that 
34 
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" A * hidden tympanum is in any case a dangerous clichS, for it is never 
anything but hidden, whether the superficial ectoderm is thin and trans- 
parent or thick and undifferentiated ” 

Now, with regard to the plectrum, it is noticed that in none of the 
Microhylid examples studied is a suprastapedial process devel<^>ed Fur- 
ther, the pars externa plectri expands into an oval cartilage on the inner 
aspect of the skin within the annulus tympamcus and on account of its 
expanded nature and its suspension from the end of the pais externa, it is 
not like the Ranid pars externa plectri, where the pars media attaches 
itself to the middle of the pars externa This cartilage is therefore, composed 
of pars externa plectri pltts the extraplcctral cartilage Whatever this dif- 
ference may be, the plectral apparatus of the Anura can be homologised with 
the similar one noticed in Reptiles (Abel, 1929), if this view is not accepted 
by all, then there is no point in calling the cartilage extrastapcdial, for the 
whole pectral apparatus is external to the operculum Therefore, I have 
followed the terminology used by de Villiers and called it the " extra- 
plectral ” cartilage A brief reference may be made to the operculum 
According to Versluys (1924) this structure is developed in response to the 
needs of a terrestrial Ilf e In the terrestrial forms like I/’ sy$toma,M ornata, 
K pvkkra {K p taprohanxea) and Glyphoglossus molossus, the operculum 
IS well developed and possesses a knob on the extenor a^ect for the attach- 
ment of an opercular muscle An operculum is also noticed by me in 
aquatic forms like Rana hexadactyla, R itgnna, R curtxpes, and Rhaco- 
phorid (Polypedatid) examples and in the terrestnal forms like the speaes 
of Bufo and in the arboreal Nectophryne mtsera It would, therefore, be 
extremely interesting to make a comparative study of the development 
this structure in these forms and examine if the statement which Parker 
(1934) makes with reference to the Microhylidee that * the operculum is 
normal m the family and retains its muscular connection with the scapula ’ 
is applicable to the other families also 

Previous work — ^I have already referred to the classificatory importance 
of the ear region as discussed by Mivart (1869) The occurrence 
of a normal middle ear, eustachian passage and plectral apparatus 
is debcribed in Phrynotuerus (de Vilhers, 1930 »), Cacosktruum (de 
Villiers, 1931), Anhydrophryne (de Vtlliers, 1931 e), MtcrobatraeheUa 
(de Villiers, 1934 b), Runa grayt (C du Toit, 1933), Cnnta (C du, Tifit, 
1934) and SpeUsopkiyne (de Vos, 1936) In Hemtsus (de Villiers, 
1931 b) the middle ear, tympanic membrane, annulus tympanicus, 
eustachian passage and plectral apparatus ate absent. Fadccr 
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also notices the same feature in Melanobatrachus, Hopiopkryne (and 
presumably Parhoplophryne also) Similarly in lyiopelmidee (Wag- 
ner, 1934). While the plectrum and middle ear are developed in 
Aglossa (de Vilhers, 1932), the eustachian tubes enter the buccal 
cavity by a median opening The division of the tympanic cavity 
in Probrevtceps is complete while m Brevtceps (de Vilhers, 1932 a) it 
IS incipient Further, in the former species an opercular portion 
of the M levator scapulae superior is differentiated while the muscle 
and processus operculans are absent from Brevtceps and Phrynomerus 
(de ViUiers, 1 931d) In this feature, these two examples differ consider- 
ably from the Microhylid character enumerated above and it may be 
noted here again that Parker (1934) has created a separate family 
for the accommodation of Phrynomerus He also refers to the taxo< 
nomic importance of the ear region 

V (a) The Pterygoquadrate and Us Attachments 

In the larval condition of the Anura, it is noticed that the pterygo- 
quadrate gams cartilaginous attachment with the cranium in three regions 
normally The first is the quadratocranial commissure and in the majority 
of cases a quadrato ethmoidal commissure is also formed and is anterior to 
the quadratocranial one The quadrato-ethmoidal commissure connects 
the processus maxillaris posterior of the Umina-orbito-nasahs and the 
processus pterygoideus of the quadrate Next comes the processus 
ascendens which gams attachment with the pila antotica (or the 
orbital cartilage) Now, in some cases it is noticed that the pterygoquad- 
rate may also give rise to a process m this region, which may articulate 
with the ventral wall of the cranium , if this palatobasal articulation 
is anterior to the palatine nerve (VII), it is described as the true basal 
articulation In Anura generally, this process is posterior to the palatine 
branch of the seventh cranial nerve, and therefore, it is called the 
pseudobasal process and the articulation is similarly known as the pseudo- 
basal articulation In Rana (de Beer, 1937), a larval pseudobasal connection 
is formed and this is replaced by a pseudobasal articulation when the tadpole 
metamorphoses into the adult Now, the last connection in anuran larvse 
is the processus oticus which umtes the pterygoquadrate with the otic 
capsule over the carnioquadrate passage This process lies laterally to the 
head vein and anterolaterally to the hyomandibular branch of facial nerve 
ISxceptions to what has been described above with regard to the pseudobasal 
process and the processus oticus are also found When the tadpole under- 
goes metamMphoeis, the larval quadratocramal commissure is lost and is 
B4s 
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xeplaced by the quadratoethmoidal cotnaussure , the processus ascendens 
disappears completely , the adult oticus connection is formed by the rota- 
tion of the processus muscularis and its subsequent fusion with the cnsta 
parotica A pseudobasal articulation is found in Rana (incompletely auto- 
systylic) while in Bufo, it is completely autosystylic With this adult arrange- 
ment of the pterygoquadrate as the background, if we examine the Micro- 
hylid, Rhacophorid (Polypcdatid), Ramd, Bufomd and Pelobatid genera 
studied, it IS noticed that in all these, a pseudobasal process is developed 
This articulates with the subocular shelf (there being no basitrabecular 
process) posteriorly to the palatine nerve and is ventral to the vena capitis 
lateralis It is obvious from a review of the previous literature on this topic, 
that morphologists have followed Gaupp’s nomenclature and called it the 
processus hasalis, and it was de Beer (1926) who pointed out the difference 
between the true and pseudobasal proct«»ses In all the forms examined by 
me [MicrohylidEC, 1932, 1932 a , Rhacophorida:. 1934 (Polypdeatidae), Ramdae 
(1935), Pelobatida; (1935 a) except Bufonidse (author, 1937)] there is an 
incomplete autosystyly , however, in Rhacophorus maculatus (author, 1934, 
Plate, IX, Fig 5), there is a slight fusion of the internal end of the pseudo- 
basal process with the ventral part of the otic capsule Until the tadpoles 
of this species arc examined, the significance of this connection is difficult 
to ascertain At any rate, this is not like the one noticed in Bufomdte 
where the entire pseudobasal process fuses with the ventral wall of the otic 
capsule An antorbital and an oticus connection are umformly noticed 
in the forms examined by me 

Previous work — A pseudobasal process is desenbed in all the species 
examined by de Villiers [except in Ascaphus (1934) where a true 
basal process is present] and by C and O du Tort, de Vos and 
Schoonees in the forms examined by them The last author de- 
scribes a complete autosystyly in Bufo angusticeps In Hemisus 
(de Villicrs, 1931 h), the absence of a “ basal ” process is noted 

V (6) Arteria Carohs Interna 

In describing the orbito-temporal and posterior region of the cramum, 
a brief reference may be made to the disposition of the artena carotis interna 
In the larval Anura (Gaupp, 1893, de Beer, 1937) it is noticed that the carotid 
artery becomes intramural after entenng through the carotid foramen 
Here it gives rise to the ophthalmica magna artery which gains exit through 
the metoptic foramen and the anterior and posterior cerebral artenes The 
intracranial palatine artery which is also given off by the carotid gets out 
through the craniopalatine foramen Now, when the tadpole undergoes 
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tnetomoiphosis> the trabecular portion separating the metoptic foramen 
and the carotid artery breaks down, so much so that the vessels (ophthalnuca 
magiia and internal carotid arteries) look as though they enter the craiuuni 
through the oculomotor foramen An anomalous condition, analogous to. 
though different from this is also noticed in some fishes like Amturus, etc 
In the Ranid forms examined by me, a similar disposition is also seen and 
I am examining the larva; of these and also of the other genera to note if 
this phenomenon also occurs 

VI Bursa atigularts arts {Fuchs, 1931) or the Mundwtnkeldruse 

The occurrence of this gland (?) was first described under the name of 
' Mundwinkcldruse ’ by de Villicrs in Anhydrophryne (1931c) It was later 
found to be present in some Amniote examples also and since the name 
Mundwinkcldruse was preotcuined, Fuchs (1931) introduced the phrase 
‘ Bursa angulans oris ’ to describe it This is a lymphoc3d:K accumula- 
tion occurring in the angle of the mouth of frogs bt'tween the ma xillary 
and pterygoid bones In my study of this gland (1933 a), I have noticed that 
It uniformly occurs in all the four Microhylid examples, U systoma, M 
ornata, K pulchra {K p taprobanica) and Glyphoglosstts molossus , further, 
it IS also present in the Kauid and Rhacophond (Polypcdatid) genera 
examined It is, however, wanting in Pclobatid and Bufonid examples 
studied by me I have remarked that the exact function of the gland is 
not yet known and Muller (1932) has gone to the extent of questiomng the 
glandular nature of it The gland is ill-developed in Glyphoglossus molossus 
(young specimen) but well-formed in Uperodon systoma, M ornata, K pulchra 
{K p taprobamca) and Rhacophorus maculatus At the time I reported, 
I suggested that the probable hue of evolution may have proceeded with 
Glyphoglossus as the starting point and the tyjie seen in Rhacophorus as 
having taken its origin and proceeded on one side while that seen in Kaloula, 
Mtcrohyla and Uperodon, on the other This, according to me, is intended 
mainly to give an idea of the interrelationship of the Microhylid examples 
investigated by me At the same time, I have cautioned that this is of no 
phyletic sigmficance and particularly when we know that Brevtceps fuscus 
lacks one and de Villiers (1933 a) himself is not quite sure if the other species 
of the genus Brevtceps are devoid of it This should not cause surpnse for 
B fuscus exhibits a series of peculiar features, as eg, the reduced 
superior prenasal cartilage, absence of palatine, sphenethmoid, qudrato- 
jogal bones and of an opercular muscle , the fusion of the cartilago obliqua 
posteriorly with the septum, the fusion of the pterygoid and squamosal 
bones and the absence of a " basal ” process 
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Prevtotts work — The gland has been described in Ankydrophryne (de 
Villiers. 1931 c), Probreviceps (1932 a), Rhombophryne (de ViUiers. 
1934 a), Spelepopkryne (de Vos, 1936), Rana grayt (C du Toit, 1983) 
and Crtnta (C du Toit, 1934) In Phrynomerus, Cacosternum and 
Hetmsus, de Vilhers does not mention about the gland while in 
Brevtceps fuscus, de Vilhers (1931 d) notes the absence of the gland 
even though it is closely related to Probrevtceps (de Villiers, 1932 a). 
Schoonees (1930) notes its absence in B angusttceps 

VII The Lower Jaw 

The lower ]aw is characterised umformly in the Auura by the posses- 
sion of the two membrane bones, vtz , the angular and the dentary and a 
single cartilage bone — the mentomandibular The membrane bctpes are 
investments of Meckel's cartilage The dentary is only met with in the 
antenor sections of the lower jaw In the Microhylid examples studied, vtz , 
U zystoma, M ornata, K pidchra (K p taprobamca) and G ntolosstts, there 
IS a Meckelian epiphysis which projects postero-intemally (author, 1932 b) 
parallel to the jaw on either side The presence of this was first noticed by 
Devanesau (1922) in U systoma In the foreign Phrynomendse and Micro- 
hylidee studied by de Villiers, its occurrence is also noticed {Phrynomerus 

1930 a, Brevtceps 1931 d , Probrevtceps 1932 a, Rhombophryne 1934 a, and 
by de Vos in Spekeophryne, 1936) In Cacosternum and Hemtsus (de Villiers, 

1931 and 1931 6 respectively) it is absent and therefore, they do not show 
this Microhylid affinity. It may be pointed out here that in the Ranid, 
Rhacophond (Folypedatid) and Bufonid examples studied by me, the 
epiphysis is absent Further, de Vilhers (1934 b) discovered the absence of 
it in Mtcrobatrachella, and therefore, excluded it from the Microhyhdie ; he 
notes (p 414) " I agree with Ramaswami (1932 () that * it is a lateral epi- 
physis of Meckel's cartilage uniformly occurring in the Engystomatids * 
The absence of this process in Mtcrobatrachella definitely excludes the genus 
from Brevicepitidse. . " From the same point of view, Cacosternum and 
Hemtsus cannot be included under Microhylidse and rightly does Parker 
(1934) omit these two from the Microhylid family Thus, this character 
of the possession of Meckelian ^iphysis will be very useful in discussiiig 
the affimties of the Microhylid genera 

VIll The Hyolaryngeal Apparatus of MterohyUdte and Pelohattda 

As already pointed out, I have studied the sectional views of the 
larynges of both sexes of U systoma, M, ornata and K pulckra [K. p tapro~ 
hantca) and the gross anatomy of the larynges of various Ranid and Rhaoo- 
phorid (Folypedatid) species. With regard to the Micrdiyhd hyolatysgieal 
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apparatus, I have recorded certain interesting features, everyone of which 
has been confirmed by the later worker Trewavas (1933) and in a personal 
communication, she has stated that my paper (author, 1932 b) was unfortu* 
nately not available to her at the time I have also studied the gross ana* 
tomy (1930 b) of the hyolaryngeal apparatus of Pelobatidse, and noted that 
there is considerable vanation with regard to the cncoid element. With 
regard to the hyoid apparatus, I have shown that a demarcation line could 
be drawn between the subfamilies M^ophryiue and Pelobatiiue In the 
case of the Megophryne hyoid apparatus, a lateral foramen is absent while 
in the Pelobatiiue, it is well developed There is, however, one exception. 
In the case of Megophrys fea (Beddard, 1911) the occurrence of a lateral 
foramen is noted, and this escaped my attention when I wrote my paper. 
Further, in the case of Pelobates fuscus, W K Parker (1881) does not depict 
a lateral foramen, though according to the observation made above, 
the hyoid of Pelobatinee must possess a lateral foramen Probably, Parker’s 
delineation is incorrect, or it is an individual vanation, for it is noticed that 
in his paper on the development of the hyoid apparatus of Pdodytes, Ride- 
wood (1897, Fig 12) draws, for companson, a figure of the hyoid of Pelobates 
fuscus, where a lateral foramen is clearly shown Thus, so far as is known 
to me, the Pelobatme hyoid apparatus possesses a lateral foramen while 
in the case of Megophrys (except M fea) the lateral foramen is absent and 
M fea may be treated as a connecting link between the two 

Now, with regard to the hyolaryngeal apparatus of the Micri^ylid 
examples studied (author, 1932 b), the following important points are 
noted 

(1) The hyoid plate has a cartilaginous or bony, beak-like portion 
between the postero-medial processes This feature was already 
noticed by W X Parker (1881) in CalMa pukkra and two species 
of Mtcrol^la which he described under the name of Dtpiopelma, 
D, ornatum vel rubram, and D Berdmoret (?) It is rather unfortu- 
nate that neither Trewavas (1983) nor myself referred to Kahula 
and Microhyla, though Trewavas did refer to Gaslrophryne of 
Parker (1881). With regard to Mtcrohyld, the difference in nomen- 
clature IS responsible 

(2) An extra-hyal associated with the antenor cornu is wdl represented 
Parker (1881) does not draw the occurrence of an extra-hyal in his 
specimen of CatMa pulchra Trewavas (1933) notes its presence 
In Mtetohyla oktuavensis, an extra-hyal is absent according to 
Frazier (1924). 
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(3) A cartilage of Santonm (cartilage apicalis Gaupp) is absent 

(4) The cricoid annulus does not possess an oesophageal process (spina 

oesophagea Gaupp) This process is commonly met with in the 
female specimens of the Ramd species studied by me However, 
in only two examples of Ramds, vtz , Rana hgrtna and R brevtceps, 
the male may also possess this process though this feature is not 
uniformly noticed Therefore, this is an erratic variation and no 
importance need be attached to it Thus, since the oesophageal 
process was noticed lu all the Ramd females examined by me, it 
may well be used as a sex determiner 

(6) The broncheal processes arc long and embrace the root of the lung 
as expanded plates 

And to these characters Trewavas (1933) adds five more, four of which, 
are with regard to the musculature of the hyolaryngeal apparatus and the 
other with reference to the postero-medial processes of the hyoid apparatus. 
These characters taken together exclusively distinguish the Microhylid 
hyolaryngeal apparatus from that of the others 

I have mentioned on p 40 of my paper (1932 b) that Mtcrohyla and 
Kaloula are devoid of a vocal sac, an observation made on insufficient 
material I have since examined the male members and have discovered 
the presence of a small vocal sac, and as early as 1882, Boulenger reported 
the occurrence of a vocal sac in the South Indian Microhyhd genera 
Parker (1934), who has described these forms, also notices the presence of 
vocal sac in Kaloula and Mtcrohyla lu Uperodon ^stoma, Devanesan 
(1922) also draws attention to the occurrence of a large vocal sac 

Previous work — Trewavas (1933) gives us an exhaustive account of 
previous workers on this subject However, she does not refer to 
some of Blame’s papers, and they are W Blume (1931, 1932 and 
1933) 

IX The Vertebral Column 

The examination of the vertebral centrum in tbe Ramd and Rhaco- 
phorid (Polypedatid) families has revealed some important variations At 
the tune of writing my paper (1933), I was not able to secure Nicholls' paper 
(1916-16) which deals with the classificatory importance Of the vertebral 
column in Anura I have noted that in the case of Rhacophorus {Poly- 
pedates) dubtus and R mtcrotympanum, the 8th vertebra is proccslous, while 
in R maculatus and R eques it is diplasiocoslous, — a term invented to 
represent the double concave nature of the centrum by Boulenger I have 
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confirmed Nicholls’ observation (1915-16) of the diplasiocoolous nature of 
the centrum in Rhacophorus maculatus Mookerjee’s observation (1932) 
on Rhacophorus maxtmus was already articipated by Nicholls And with 
regard to the genus Rhacophorus {Polypedates), 1 have staled (author, 1933) 
that so far as the characters of the 8th and 9th vertebrae are concerned, 
it could be split into two Under the procoeloub Rhacophoridae (Poly- 
pedatidae), we have to treat probably the procoelous species of Philautus 
examined {Philautus chalazodes, P nasuius and P oxyrhynchus) and if 
more species arc discovered with pro- or diplasiiKieloustype of centrum of 
the 8th vertebra, then, this would be another feature, besides the prevomerine 
teeth and sphenethmoid, to support Noble’s view that Phtlautus is not a 
single distinct genus but a polyphyletic assemblage In passing, it may be 
noted, that from the view-point of cranial anatomy, theie is a vast body of 
evidence disproving Noble’s dictum that Phtlautus does not represent a 
natural genus In the family Ranidac, a large number of spmes exhibits the 
diplasiocoelous 8th vertebra With regard to the genus Micrtxalm, I have 
stated (author, 1933) that in the possession of diplasiocmlous (inconectly 
stated as proccelous, p 1, column 2, line 27) 8th vertebra, " Mtcrtxalus is 
Ranid in every respect” The three species of Nyettbatrachus, the majority 
of the species of Rana (except Rana curttpes Jerd , and R tenmhngua 
Rao) examined by me are diplasiocoelous In R lurtipes, however, 
the 8th and 9th vertcbrie are fused and there is a single centrum and the 
zygapophyses are a pair in number (anterior) The transverse processes are 
Ramd in character, but in one specimen of R curttpes, the right transverse 
process of the 9th vertebra is absent and the ilium gains attachment 
with the transverse process of the 8th vertebra The fusion of the 8th 
and 9th vertebrae is noticed in all the specimens of R curttpes examined by 
me, so much so that it is a distinguishing character of this species and 
the position of this with reference to the other genera where fusion of the 
vertebral elements occurs, is discussed in ray paper (author, 1933) 

When Nicholls discovered the diversity in the vertebral column of the 
genera Rana and Rhacophorus of the family Ranidae [the Rhacophorid^ 
(Polypedatidae) being included under it], he noticed the difficulty of including 
the genus Rhacophorus under the family Ramdae He says, “The genus is one 
in which Boulenger has merged the genus Polypedates, and it is represented 
in the British Museum collection of skeletons by nine speamens Of 
these, four belonging to the species R maculatus, R cructger, R macrotts 
and R rohustus were diplasiocoelus The remaimng specimens R maxtmus, 
R madogascanensts, R schlegeln and R tetnwardttt were umformly 
proceslotts”. Noble (1931, p 514) haa treated the suborder diplaisioceela 
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(the true frogs, Ranids , old world tree frogs, polypedatids and narrow- 
mouthed toads, brevicipitids) as compnsing three families, vtt , Ranidse, 
Rhacophondse (Polypcdatidee) and Brevicipitidse. The Rhacophondse 
(Pol 3 rpedatida) are differentiated from the Ramds by the presence of an 
intercalary cartilage between the distal and penultimate phalanges Under 
the subfamily Raninie come the species of Rana, Nycttbatrachus and Natmo- 
batrachus and under the subfamily Cornuferinse, is treated Mwnxalus 
With regard to the two genera PhtUwtus {Ixalus) and Mtcnxalits, NoUe 
(1931) states that " Philautus has arisen from Polypedates in many parts 
of its range by the ofts repeated process, a loss of vomenne teeth ” and 
treats this under the family Rhacophonda: (Polypedatidse) I have shown 
elsewhere (author, 1 934) that cranial anatomy does not support the merging 
of Phtlauius with Rhacophorus except when the dentition of the prevomers, 
the sphenethmoid and the nature of the vertebral centra of 8th and 9th 
are taken into consideration (see p 69) Mtcrtxalus is described by 
Noble (1931) as a group of small species of Hylarana lacking vomenne teeth 
Thus both these genera Mtcnxalus and Pktkttrius while possessing digital 
expansions lack vomenne teeth , but Phtlauius is a Rhacophond (Poly- 
pedatid) with intercalary phalanges, and Mtcrtxalus a Ranid without them 
Therefore, the view " that the separation of Mtcrtxalus from Ixalus is based 
on arbitrary grounds and possibly when a large number of species is examined 
tlic diagnostic characters of the two genera may be found to be too 
slender for erecting two genera for their rec^ion " (author, 1933) is not 
tenable 

IX The Vertebral Column of Megophrys major {author, 1936 a) 

lu the preparation that I have of the vertebral column of M major, 
the 1st and 2nd vertebree are fused, and therefore, I have stated that it 
differs from the ancestral form, the I,iopelmid« The ancestral forms 
possess ten vertebree and the first forms of Pelobatido! to be derived from 
these are the Megalophrynse (Megophrynse) and one of the species of this 
group M major examined by me, therefore, differs from the ancestral 
stock in the possession of only 8 vertebree I have now examined another 
specimen of the same species and have discovered that the Ist and 2nd 
vertebree are not fused, and therefore, the normal form differs from the 
ancestral stock in possessing 9 vertebree The one with fused Ist and 
2nd vertebrae shows therefore, a variation Further, in my 1st ^lecimen, 
the coccyx is partially umted with the sacrum though Boulenger finds it 
immovably umted in his specimen of M. major. Parker, after an examina- 
tion of a large number of species of Megahpkrys including J#. 
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infonns me (in htt ) that in normal cases of Jtf major, a small subcircnlar 
cartilagiuous omosternum is present He also points out that in tus speamen 
of M, major, the coccyx is incompletely fused with the sacrum as in mine 
and unlike that of Boulengei's Probably Boulenger failed to see the non- 
fusion 

In discussing the ancestry of Felobatida:, I have followed the observa- 
tions of Noble (1924, 1931) According to him, the I^iopelmidse are the 
most pnnutive Anurans This group has given nse on the one hand to the 
Discoglossidte and on the other to the Pelobatidse, and cranial morphology 
supports this origin of the Pelobatidse from the l,iopeImid stock in 4 features 
They are the absence of a rccessus sacciformis, of a Bursa angulans oris and 
the presence of a septomaxillary and the fusion of the mentomandibular 
with the dentary It is true that any one of th'^e features may be found 
in any other Anuran family but when we take all these four features 
together, Noble’s hypothesis is amply borne out by cranial anatomical 
studies 

X Summary and Conclusions 

It has been known from a long time that Anuran families cannot be 
distinguished systematically from one another by a single character but by 
a set of features With this in mind, we shall now proceed to examine the 
various features that the cramal morphological investigations have revealed 

1. The cartilage preuasalis superior and infenor are uniformly met 
with in the Anura Exceptions, however, are very few where either 
the superior is reduced {Bremceps fuscus) or the infenor cartilage is absent 
(ffemtsus) Thus, this character is of no diagnostic importance 

2. The cartilago obliqua is a lateral extension in the antenor nanal 
region from the tectum and from this a connective tissue projection — ^the 
plica obliqua depends into the cavum Gaupp who *studied Rana fusca 
(5 temporana) noticed that it depended from the cartilaginous roof and not 
from the cartilago obliqua 'and the same feature as rqiorted for Rana 
fitsea Is also seen in Brevieeps fuscus Now, in the Rhacophond 
(Polypedatid) forms examined by me, it is noticed that in three species of 
Phtlautus, the plica depends from the tectum, r^hile in the ^ecies of 
Rkaeophorus {Pofypedates), it depends from the cartilago obhqna In the 
Ranida, Bufomda and Pelobatids examined by me and m the forms studied 
by the South Afncan anatomists (with the exception mentioned on pp 46 
and 47), the plica depends from the cartilago obhqna While the nature of 
the dependence of the plica cannot be made use of for classificatory purposes 
in ether families, at any rate in the Rhacophondse (Polypedatidse), it 
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appears to be useful in the present state of our knowledge, in distmgmshing 
Phtlautus from Rhacophorus (Polypedates) 

3 The prechoanal sac which may occur as two sacs in the antenor 
region into which the choanae open or as a single sac {Rhacophorus macu- 
latus and Megophrys major) or as a vestigial structure [Uperodon systoma) 
into which the choana: do not open, is also noticed in other forms like 
Phrynomerus (double), Probreviceps, Brevtceps, Spdaophryne, Rhombo- 
phryne and Rana grayt It is absent from Glyphoglossus tnolussus, examined 
species of Rhacophorus (except R maculatus) and Phtlautus, Bufo, and from 
Scaphtopus holbrookit and Nectophryne mtsera Since the occurrence of 
this IS noticed in genera, of different families, it is probably of independent 
ongin and docs not show, therefore, any relationship Obviously, this 
cannot be used in systematic study 

4 The septum nasi which is either cartilaginous or is postenorly 
ossified gives rise to the tectum or the roof and the solum or the floor The 
solum IS noticed to give rise to an elevated eminentia in a large number 
of forms comprising Microhylid<£, Ramdsc, Bufonid^ and Pelobatidse It 
was theorised by the South African anatomists that the occurrence of an 
elevated eminentia was closely correlated with a terrestnal mode of life. 
This IS true m the case of forms like Uperodon systoma, Mtcrohyla ornata, 
Kalouia pulchra {K p taprobantca), Glyphoglossus molossus, Brevtceps, 
Probreviceps, Spelaophryne and other forms hke Bufo and Hemtsus. The 
appearance of this structure in different forms can only be explained as due 
to independent development If only the terrestrial forms developed this 
structure, of course the theory advanced would not have been found fault 
with In two typically aquatic forms of South India, Rana hexadactyla 
and Rana cyanophlyctis, an elevated eminentia is met with, and it is there- 
fore thought, that the elevation is purely in response to the sensory needs 
of the animal Whatever this aspect of the question may be, it is interest- 
ing to note that the Microhylid genera so far studied, viz , Microhyla, Uperodon, 
Kalouia, Ramanella, Brevtceps, Probreviceps, Spelaophryne and Rhombo- 
phryne (?), the elevated eminentia uniformly occurs and this character 
therefore, can be utilised along with other features in distinguishing the 
Microhylids 

6 The sphenethmoid bone It has been noticed that in some examples 
this bone is divided by means of a trabecular cartilage into a nght and left 
portions when the bone is described as paired A complete qihenethmoid 
is seen in Rhacophorus maculatus, Phtlautus peters*, P oxyrhynchus, Rana 
cyanophlyctis, R hexadactyla, Megophrys major and Scaphtopus holbrookit 
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while in U systoma, K pulchra {K p taprobamca), M ornata, G molossns, 
Rhacophorus microtympanum, Phtlautus chalazodes, Phrynomerus and 
Rhombophryne it is paired , in some, it may be absent like Spelaophryne, 
Ascaphus and Rana curtipes, etc We find that iii the case of all Microhylid 
examples so far studied, it is either paired or is absent {Spelaophryne, 
Breviceps, Probrevtceps, Kalophrynus, Callulina, etc) In the Ramdse, it 
may be absent or it may be single or pairid [though Paikcr (1934) says that 
the ethmoid is single] and we meet with the same state of affairs in Rhaco. 
Ijhoridac (Polypedatida;) Hence, this charaeUt of the paired nature of the 
sphenethmoid can be conveniently utilised witli others in describing the 
family characters of the Microhylidee, till m find other exceptions With 
regard to the Ramdae and Rhacophorida.* (Polyjiedatida;), the siihenethnioid 
can be described as either single or paired or absent (some Ranidae) More 
examples should be studied before we ean tome to anv conclusion with 
regard to the sphenethmoid of the Bufomd and Pelobatid families 

C The maxillae and preniaxillae are not of groat importance to us in 
systematic study of the genera examined by me 

7 The prevomer, in the Ranid and Rhacophorid (Polypcdatid) 
families does not embrace the choana posteriorly and is not fiat This 
observation is supported by Rhacophorus maculatus, R mtcrotympanum, 
Phtlautus chalazodes, P oxyrhynchus, P petersi and Rana hexadactyla, 
R curtipes and R cyanophlyctis In the Microhylid forms studied by me, 
U systoma exhibits a well-developed prevomer and a degenerate palatine 
(?) , in ilf ornata, the ciioana is not embraced posteriorly by the prevomer, 
whil^ in K pulchra {K p taprobamca), the posterior portion of the prevomer 
overlies the palatine In G molossus, there is a postchoanal portion 
(prevomer or prevomcropalatine) Thus, in the Microhylid family, we meet 
with conditions where the choana may be completely or incompletely 
{Kaloula, Glyphoglossus, Rhombophryne, Spelaophryne, Breviceps, Pro- 
brevtceps) or may not be surrounded by the prevomer as in Mtcrohyla 
Therefore, the nature of the prevomer is not only useful in distinguishing 
the family but also in classifying the genera within it Whether the state- 
ment can be applied to the Bufomdie and Pelohatidse can only be settled 
after examining some more genera 

8 The palatine bone is not so useful as the prevomer This may be 
degenerate {V systoma ? for the bone may also be described as a postchoanal 
prevomer), or absent {M ornata) or a pre-vomeropalatine arrangement 
may be seen Generally in the Kanidse, Rhacophonde (Polypedatidse), 
Bufonidse and Pelobatidse, the bone is present , however exceptions are not 
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uncommon Neciopkryne mtsera and Scaphiofms htdbrooktt can be men- 
tioned as instances Among the several jqtecies (rf Mtcroh^, some potsen 
it, while others do not Thus, the nature or the dispositton of this bone 
cannot be utilised in taxonomy 

9 The septomaxilla is noticed to occur uniformly in all the forms 
examined by me This is not, therefore, of great systematic importance 
except in one case In Bufonidse, a limb of the septomaxilla appears in 
the plica, a feature in which this family stands apart from the others I am 
aware of an exception to this , in Bombtnator, Brhner descnbes a hmb of 
the septomaxilla in the plica Barring this exception, it will be found 
useful to introduce this feature of the septomaxilla in describing the family 
characters of the Bufonida: 

10 The middle ear and associated structures . It is very well known 
that in widely different forms, the disappearance of the middle ear, eusta- 
chian passage, tympanum and plectral apparatus may occur, as in Ltopehna, 
Ascaphus, Hemtsus, Pelobates, etc This may not establish any genetic 
affinity and therefore, the disappearance of these structures folly or other- 
wise should be considered secondary Overlocdcii^; these genera, there is a 
common plan on which the middle eat region with its associated structures 
is built The attachment of the columella (pars media plectn) to the dorsal 
rim of the extraplectral (pars externa plectn plus octraplectral) cartilage 
in the Microhylid examples examined by me, associated with a sickle-shaped 
annulus tympauicus, is certainly different from the median attachment of 
the columella with the pars externa noticed in Ramdae, Rhacophoridae 
(Polypedatidae) and Pelobatidae Since this feature is not uniformly 
noticed in the other species of the Microhylid family, it cannot be used as a 
safe criterion The pars ascendents plectn deserves to be mentioned. 
Gaupp described this commissural cartilage (laterohyal) in Ram, but this has 
not been confirmed by me in all the qiecies of Ram examined or in the 
Rhacophorid (Polypedatid) species studied In Bufomd species (except 
Bufo valgans), a laterohyal is noticed, and this internal character can there- 
fore be utilised in descnbing the family characters It may be said that 
Bufomds generally posses a laterohyal 

11 The pseudobasal joint . In the Anura, the psendobasal joint 
between the subocular shelf and the pseudobasal process (exc^t in 
Ascaphus) of the pterygoquadrate is common. In the Ranid, Rhaoo- 
phond (Polypedatid) and Pelobatid families, the pseudi^Msalartkalatioa 
18 found while in Bufonid species studied, there is a defiidte pseudobasal 
connection This is a distinguishing featnre of the Baiofndse. Whetiier it hi 
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an articulation or a connection it always lies posterior to the pnlai-i ii** 
branch of the facial nerve and is ventral to the head vein In 
the family characters of Bufomdte, the possession of a complete 
autosystyly should also be included 

12 The Bursa angulans orjs or Mundwinkeldruse is noticed m Micro- 
hylidn (except Brevtceps fuscus), Ramdte and Rhacophondse (Poly- 
pedatidee) and is generally absent from Bufomdse and Pelobatids In 
describing, therefore, the family characters of the first three, the presence 
of the Bursa may also be included 

13 The occurrence of a bony or cartilaginous beak between the 
posteromedial processess of the hyoid (called basi-branchial by Parker, 1881) 
IS uniformly noticed in the South Indian Microhyhd examples, but in the 
foreign forms Brevtceps, Probrevtceps, Spelaophryne and Rhombophryne, 
this IS not present, all the same, Trewavas considers this as a dist inguishing 
character of the Gastrophryne group of the Brevicipitidse This feature 
IS of no great systematic value m general but is of sufficient importance to 
demarcate the examined Indian genera To this may be added, the absence 
of an omohyoid and the presence of only two petrohymdeus muscles 
(Trewavas) and these three characters are very useful in distingmshing the 
Microhylidse The larynx of the Microhyhdse exhibits two important 
diagnostic features, vtz , the absence of an independent apical cartilage and 
of an cesophageal process from the cncoid annulus of both sexes With 
regard to the Pelobatidse, the presence of a lateral foramen in the Pelobatinse 
would distinguish the Megophryiue (except M fete, where also a lateral 
foramen is present) Following Trewavas, the diagnostic features of the 
Pelobatid family would be as follows — 

(a) The occurrence of an arytenoid without an apical cartilage, 

{f>) cricoid ring incomplete dorsally [except in Scaphtopus hammondti 
(male) where it is complete] (author, 1936 a), and 
(c) hyalia more or less reduced 

14. The occurrence of a Meckelian epiphysis is so characteristic of 
Microhylidse that it ought to be included as a taxonomic feature. How- 
ever, we note the occurrence of a Meckelian epiphysis m Phryonomertu, 
which has been treated as belonging to the subfamily Phtyaomeiinse under 
Brevidpitidse by Hoble (1931) Besides. Pkrynomerm also shows other 
Microhylid affinities, as dilated sacral diaphophysis, prechoanal prevomer 
(Parker. 1984) as in Mterohyla (but de ViUiers (1930 a) describes the formation 
of a prevomerppalatine in {Phyrnomerns), divided ethmoid, etc In i^te 
of aU th«ie feataees eosamcm with the MicrofaytidK, KoUe says that, “T3ie 
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African Phrynomerus is not closely related to any other brevicipitid ” 
Whatever may be the number of similarities between this genus and the 
other genera of Brevicipiti4ee of Noble, there is one important distinguishing 
feature and that is, the presence of intercalary phalanges. No Microhyhd 
possesses these, and therefore, Parker (1934) has erected a new family 
Fhrynomeridse for accommodating this genus 

15 The nature of the centrum of the vertebrae has been utilised 
largely in taxonomy Within the family Ranidae and Rhacophondae 
(Folypedatidac), I have shown that both the procoolous and diplasiocoelous 
type of centrum for the 8th vertebra occur Therefore, in distinguishing 
families this may not be a safe criterion, and it must be said that the pro- 
priety of using the nature of the vertebra lias been questioned from the time 
of Gadow since the variations noticed have been largely fortuitous At any 
rate, I have no hesitation in following Parker (1934) for using tlie nature of 
the centrum in the diagnosis of groups of genera within the families 

C onclustons 

The study of cranial morphology and of the hyolaryngeal apparatus 
and the vertebral column reveals the following features which can safely 
be utilised along with others (Parker, 1934) in the classilication of Anuran 
families and subfamilies 

Ramda 

(a) Vertebral column diplasiocalous or procoelous 

(b) Ethmoid entire or paired or absent 

(c) Eminentia generally flat except in Katia hexadaciyla and Ram 

cyanophlyctis 

(d) A Bursa augularis oris is present 

(f) A pseudobasal articulation is noticed 

Rhatophondee (PolypedaHdo!) 

{a) Vertebral column diidasiocoelous or procoelous 

(b) A Bursa angulans oris is present 

(c) A pseudobasal articulation is noticed 

Mtcrohyhdts 

(а) Eminently is invariably elevated 

(б) A Bursa angulans ons is present 

(c) A Meckelian epiphysis is present on either side in the lower jaw 

(d) An independent cartilago apicalis is absent from the ar]^notd 

cartilage. 

(e) An oesophageal process is absent from the cnemd annulus 
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Bufontdi^ 

(а) Invariably a limb of the septomaxilla is seen in the plica obliqua 

(б) A Bursa angulans oris is absent 

(c) A pseudobasal connection is present 

(d) A laterohyal is invariably present 

Pelohat%d€B 

{a) A Bursa angulans ons is absent 
(J) A pseudobasal articulation is present 
(c) The cricoid annulus is complete or incomplete 
{d) The hyoid of the subfamily Pelobatinai possesses a lateral foramen 
while in Megophrynae, it is wanting except in M fm 
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OXIDATION OF THIOLS AND ASCORBIC ACID IN 
THE LATEX OF PAPAYA 


By C V Ganapa’i'hy and B N Sastri 

{From the Deparhnent of Btoehemmlrii, Indian Inetitute of Soienee, BangaMe) 
Keteivpd Tuly 10, lO.il) 

It was pointed out in an earlier paper^ that the fresh latex of papaya [Cartca 
papaya, I^inn ) contains a remarkably large concentration of sulphydryl 
compounds (amounting to nearly 2 per cent calculated as glutathione) 
and that practically the whole of it is in the reduced form The actual 
glutathione content of the latex is about 0 2 per cent It has now been 
found that vitamin C co-exists with glutathione and that the whole of it 
is also in the reduced condition 

Considerable attention has been devoted to the elucidation of the 
mechanism, present in the tissues, responsible for maintaining glutathione in 
the SH-form Hopkins and Elhot* showed that liver tissue contains thermo- 
labile catalysts responsible for the reduction of glutathione Glucose 
dehydrogenase,’ a system present m the intact mammalian er>throcytes* 
and the Warburg-Chnstian enzyme’ are all known to be capable of reducing 
GSSG to GSH It IS of interest to enquire whether the papaya fruit also 
contains thermolabile catalysts, winch function in an analogous manner 
and incidentally ascertain the nature of protection afforded to vitamin C 
against oxidation A preliminary commumcation on the subject appeared 
in Current Sctence * 

Expertmental 

I Thi£ System GSSG t- GSH 

(1) The influence of aeration on the SH concentration of the papaya latex — 
5 gm samples of the fresh latex, drawn from plants grown in the Institute 
nursery, were weighed into a senes of wash bottles (300 c c capacity) dispersed 
m 40 c.c. phosphate buffer (pH 7 4) and aerated by sucking in air with the 
help of a filter-pump At intervals of 2 hours the contents of the bottles 
were transferred to a glass mortar, rubbed with trichloracetic acid (20 per 
cent ) and sand, and filtered on a Buchner Tke residue was repeatedly 
extracted with tnchloraoetic acid until the filtrate gave a negative test 
with mtro-prusside The combined filtrate was made up to 100 c c , 
sufficient water being added to bring the final concentration of the trichlor- 
acetic acid to 10 per cent 5 c c aliquots were used for the estimation of 
8H. Two methods were employed for the purpose — (1) lodometnc 
titration according to the method of Kuhnau* and (2) the colomaetnc 
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method employing the photoelectnc colorimeter This method developed 
in our laboratory has been descnbed elsewhere * 

The results obtained with difEerent samples of latex are given m 
Table I * The figures represent c c of N/lOO iodine required for titrating 
the SH groups present in one gram of the latex Temperature 25” C 


TABtE I 


Aeration Time (Hrs ) 

0 

2 

4 

a 

8 

10 

12 

Sample 1 . , 

8 >2 

8 ‘4 

8*0 

4 4 



2 4 

„ 2 

10 0 

10 1 

8 8 

7*6 

6.8 

. 

. 

M 3 « e 

7 5 

7 6 

6 7 

61 




M ^ 

7 8 

7-7 

6*6 

64 

4 6 

3 24 

2 4 

M ^ * * 

6 8 

6 7 

6 1 

3*2 

* * 

• 

• 

„ 6 

7 3 

7*4 

6 7 

4.2 

• 

2 1 

t 

» 7 

6 7 

6.6 

49 

3.3 


• e 

• 

» B 

8-4 

8*4 

6.6 

4.8 

. 


1.9 

„ 9 

7 1 

7*1 

6 *3 

61 


2 6 

a e 

„ 10 

8 8 

8 8 

7-2 

6 0 

5 2 


2-4 

» lot 

7-5 

■ 

59 

4.8 

3.8 

• 

• 


(2) Tht xnfivieinct of prelmvnary hefUtng of the latex on the oxuUUton of 
SH groups during aeration — In the second series of experiments the latex 
was dispersed in phosphate buffer (pH T 4) as before, raised to a temperature 
of 50” C., at which temperature, it was maintained for 60 minutes, cooled 


* The tltre values tabulated In this section have to be cotrerted for the presenee 
o( ascorbic acid The main tonoinslone obtained from them experiments, however, 
will not be alTected, as the title value for ascorbic add remains constant until almost 
alt the thiols are oxidised, as will be shonn in the subsequent part of the paper nte 
vatnos for the 8H concent ratl<m deterniine«l by the photoelectric colorimeter am not 
subject to this error. 

t llie dilutes refer to the values calculated in terms ioAne obfolned with 

tlie photoelectrii rolorimeter , only results tor sample 10 am given here, nw 
dlSerenee between tbe vahiea by the two methods is dne to the eeoorbic edd. 











Oxidation of Thiols and Ascorhtc Add m the Latex of Pafiaya 83 

and aerated Subsequent treatment was the same as before The results 
obtained are shown in Table II 

Table II 


Aeration Time (Hrs.) 0 2 4 6 I 8 



The results in the first series of experiments show that there is no fall 
in the SH concentration during the first two hours of aeration, after which 
there is almost a linear fall In a few instances, there is a tendency towards 
a slight increase in the SH concentration When the latex is heated to 60®, 
prior to aeration, however, there is a steady fall in the SH content from the 
very commencement of aeration The SH content remains at a constant 
level during aeration only if a reducing mechanism capable of reconverting 
the SS to the SH form is present in the latex If such a mechanism is 
present, addition of fresh SS compounds should lead to an increase in the 
SH concentration of the reaction mixture on incubation 

(3) Infiuence of the added SS compounds on the SH concentration of the 
latex — ^The effect of addition of SS compounds prepared from the latex 
itself, was examined in the third series of experiments The thiols were 
extracted by boiling the fresh latex with water and oxidised with iodine or 
hydrogen peroxide In the case of iodine the quantity required for oxida- 
tion was determined by direct titration , with HtO|, the aqueous mitract 
of the latex was raised to pH 9 by addmg NaOH, then HaOj was added and 
after oxidation was completed (as shown by negative test with mtro- 
prusside) the excess of H|0| was removed by boiling The resulting solu- 
tion was finally brought down to pH 7 by hydrochlonc acid and used. 
A solution of the SS compounds (1 per cent concentration) was mixed with 
fresh latex and after 4 hours incubation, the SH content was again deter- 
mined by iodometnc titration The results given in Table III clearly show 
that there is an increase in the SH content over the imtial value, thereby 
blowing that the SS compounds have been reduced In a parallel senes 
of expenments, where the SS compounds were added to samples of latex 
disposed in buffer and previously heated to 60® C for one hour, the increase 
la the SH content was markedly less 
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Table III 


Sample 

j 

Fresh latex 

Latex heated pnor to incubation 

Initial titre 

Increase in 
titre 

Initial titre ’ 

Increase in 
titre 

1 

8 8 

0 8 

8 9 

0 3 

2 

7 2 

1-0 

7-3 

0 4 

3 

7 1 

1-1 

7 2 

. 

0*4 


(4) Experiments with the press-jutce from papaya fruit pulp — 100 c c 
of the fresh juice from the pulp of papaya fruit were rncubated with a 
solution containing SS compounds (2 6 per cent concentration) for 4 hours 
and the SH content estimated In the control senes, the juice was boiled 
prior to incubation The results tabulated in Table IV show that there is 
a marked rise in the Iodine titre indicating the presence of reducing systems 
in the juice The thermolabile nature of the reducing systems is shown by 
the fact that this increase in titre becomes markedly less when the juice is 
heated pnor to incubation 


Table IV 


Sample 

Time of 
incubation 
Hrs 

Increase in titre c.c K/lOO iodine 

Fresh juice 

Heated jmoe 

1 

2 

2 0 

0-8 

3 

4 

5-1 

1*3 

3 

4 

5 2 

1*4 

4 

2 

2 4 

0*9 

5 

2 

3*7 

1-1 

6 

4 

7-2 

1-8 

7 

2 

4-1 


8 

4 

6*0 

1-8 


n 
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II Oxidation op Ascorbic Acid Prrsbnt in thb Latex. 

Vitamin C exists along with the thiols in the latex That glutathione 
affords protection against the oxidation of vitamin C by hexoxidase or 
copper was shown by Hopkins and Morgan * The observations reported 
in this section of the paper support the main conclusions of Hopkins and 
co-workers 

(1) Influence of aeration on the concentration of thiols and vitamin C 
of the papaya latex — The lay-out of the experiments was exactly sinulai 
to that described in the earlier part of the paper 5 gm latex were weighed 
out into each of 6 wash-bottles (300 c c capacity) and air bubbled through 
At intervals, the vitamin C (dye titration)^® and SH concentrations 
were separately determined in aliquots of the tichloracetu. acid extracts 
The results are tabulated in Table V The values for vitamin C and thiols 
are given in c c of H/ 100 iodine corresponding to 1 gm of latex 


TABI.E V 



Time (Hrs ) 

0 


■ 

2 

■ 

6 

Sample 1 

Vitamin 0 

0 6 


0 6 

0 6 

0 5 


SH . 

5 5 


6 7 

6 0 

3 6 

• • 

» 2 

Vitamin C 

0 3 

0 3 

0 3 

0 3 

0 3 

0 2 

SH 

5 '4 

6 2 


6 1 

3 3 

2.6 

» 3 

Vitamin C 

0 8 

0 9 

0 8 

0 8 


mm 

SH . 

9 3 

9>6 

9 6 

9 6 

7-0 

6 1 


(2) Effect of preliminary heating of the latex on the course of oxidation 
of vitamin C and thiols — The previous experiment was repeated with 
samples of latex dispersed in phosphate buffer and heated at 60** C for 
one hour prior to aeration 

Tabie VI 


Time (Hrs ) 

B 

B 

2 

4 

6 

Sample 1 Vitamin G 

0 6 

0.6 

IS 

0.6 

0.3 

SH 

6 5 

4-0 

Wm 

2 1 

06 

M 2 Vitamin C 

0 8 


0 8 

0.7 

0.6 

SH 

6-1 


3*5 

2.3 

l-O 
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(3) Influence of thtol compounds of papaya latex on the oxtdatton of 
ascorbic actd by copper — To 60 c c of a boil^ aqueotis extract of the latex 
was added pure crystalline ascorbic acid in solution (70 mg ) and aerated 
after adding a trace of copper The vitamin C content as well as the 
concentration of the thiols were determined in aliquots at intervals of 10 
minutes Table VII gives the results obtained The values for vitamin 
C and SH are given in terms of N/lOO iodine There is complete protection 
of ascorbic acid from oxidation by copper as long as there is even a small 
amount of the thiols present in the solution 

TABI.E VII 


Aeration 
time in 
mins 

Vitamin C 

SH 

0 

1 2^9 

3 0 

10 

2 8 

1>8 

20 

2.8 

1 0 

40 

2 2 

0.0 

60 

1 

1 

0.6 

0.0 


Conclusions and Summary 

The presence in the latex, and more especially in the pulp of the papaya 
fruit, of a system responsible for maintaining the thiol compounds in the 
reduced condition is clearly estabhshed Its thermolalMle character is 
indicated by the observation that a prehminary heating of the latex dispersed 
in buffer or the press-juice from the pulp to a temperature of 60* C. for a 
period of 60 minutes, renders it inactive The system present in the papaya 
in these respects, is analogous to that in the Uvet described by Bopldns.' 
Further work is called for in order to determine the exact nature of the 
mechanism. 

The significance of this finding lies in the fact that the reduciQg system 
provides a regulating mechanism for the proteolytic processes in the nt«n ft 
the concentration of the SH compounds whidi functiim as the natund 
artivators ci papain being conditioned by the activity of this system. It 
also helps, indirectly, to maintain the ascorbic acid present in papaya in pit 
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reduced condition, as the thiol compounds afiord complete protection to 
the Yitamin against oudation by hexoxidase or copper as previously shown 
by Hopkins, and confirmed by us. 
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ON THE DEVELOPMENTAL MORPHOLOGY OP 
ANDROGYNOUS RECEPTACLES IN UARCHANTIA 
PALM AT A NEES* 

By K S Srinivasan, B Sc (Hons ), M Sc 

Keiened Juiie 11, 

[CommiimcaUitl by Dr MOP Iypn«ar, M A , ph n (Ltond ), p L s 3 

Mafchmtia palmata is a very common liverwort growing in plenty at 
Ootacamund on the Nilgiris Most of the plants are female and bear plenty 
of archegomophores The male plants (PI II, Fig 5 c , Text-fig 2) are 
extremely few, being about only 1 per cent or less In most cases, the 
female receptacles show one or more proliferations from their under surface 
(Pi II, Fig 6 a , Text-fig 3) A section of these receptacles shows the usual 
archegonia on the underside as m all species of M^rchatUta, but a section 
of the proliferations shows, peculiarly enough, a large number of antheridia 
on them (PI II, Fig 3) The receptacles in this Marchanha are thus bi> 
sexual and androgynous 

A detailed account of the androgynous receptacles of this Indian liver- 
wort has not been published so far The author took advantage of the 
large amount of material available at Ootacamund to make a detailed 
study of these receptacles 

It IS not easy to get a correct idea of the nature of these proliferations 
with the aid of microtome sections alone, since their growth is generally 
somewhat curved and twisted It was only after examimng numerous 
hand sections along with the microtome sections of the proliferations in 
all stages of growth and also after careful examination with the aid of a 
Greenough Binocular dissecting microscope of both dissected and un- 
dissected material that a correct idea of the nature of the proliferations 
could be obtained 

The female receptacle is more or less disc-shaped with about 7 to 9 
rays and measures 10 to 14 mm across (Text-fig 1) The upper surface is 


• Kroni the (Tmveraity J3oUay Laboratory, Madras This pafwr formed part 
of a Theela submitted for the Degree of Master of Solenoe of the University of Madras. 
It was read before the Annual Meeting rd the Indian Academy adences at Madras 

OH 20th December lOiA* 
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J1 

Tpxt-fws 1-11 MarchanUa jialmaUi Neea 


(1) A nonti%l female receptaelo x 1*S (2) A normal mate receptacle x 1 5. 

(3) An androgynous receptacle allowing the proliferations growing from its under 
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Hide X 1*6, (1) A niodion vertical aectioii of a nonnid female lereptacio x 7*8. 

(5) Beifiiining of the prolifeiation x 22 (0) Ventral view of the Ueexual recefitaole 

with the velum and the perianth diBeerted out, ehowuiR the end of two female broachst 
beginning to grow out ae proliferationa X 4 (7) A aertion through a 

prollfeiation allowing an crorted anihertdiiini by the Mde of an aMhogonium X 90. 
(H) A (0) Later etages in the growth of the proliferation (h) x 13 (9) X IS. 

(10) ^me aa Fig 0, but with the nruUferation {P) grown out a little mote, x 7.5. 

(11) A well-grown proliferation x 11 

smooth and dome-sliaped with or without a slight depression m the centre. 
A number of archegonia is formed on each branch of the receptacle, and 
a large number of the sporogonia develoi>s to maturity Each group of 
archegonia is well protected by the pronounced development of the velum 
which passes round the growing point also Only when the velum is re- 
moved by careful dissection can the growing point be seen clearly At 
first there is no indication of any proliferation from the female branch 
Each lobe of the receptacle bearing the arch^oma, as in all species of 
MarchatUta, is bent downwards, the growing point being directed towards 
the stalk of the receptacle In the Nilgin Marchantxa, the lobe does not 
grow adpressed to the ventral surface of the dome-shaped portion of the 
archegomophore, but grows a little free from it and is somewhat pendant 
(PI II, Fig 4 , Text-fig 4) The apical portion of the branch bearing the 
archegonia, instead of ceasing its growth after forming a certain number of 
archegonia as in the other species of Marchantxa, becomes active again and 
grows into a small cusbion-like structure (Text-fig 6) This structure 
continues to grow forward and downward and forms a short, more or less 
pendant, tongue-like outgrowth (Text-figs 8, 9, 10) At first, the proli- 
feration IS made up of a solid mass of uniform cells (Text-fig 5), but later 
on air-cbambers with assimilating filaments are developed in it (Text-fig 9) 
and the proliferation continues to grow gradually outwards and upwards 
and at the same time turns on its axis as it were about 180“ or so and 
finally bnngs the morphologically dorsal side to the upper side (Text-figs 
8, 11) It then continues to grow into a flat green narrow lobe This 
outgrowth IS somewhat narrow below bnt becomes gradnally broader to- 
wards its apical portion As it grows, it goes past the velum, which then 
appears as if attached to its flanks Very frequently, it may branch di- 
chotomously into two spreading lobes which may also oocanonally divide 
a second time dichotomously (PI II, Fig 5 a) Fnlly grown proliferaticms 
shoa’ a certain amount of resemblance to the lobes of a normal antheridio- 
phore Their ventral surface bears amphigastria in defimte rows together 
with tofts of rhizoids The amphigastria ore produced rather early in the 
development of the proliferation (Text-figs 5, 8, 9, 11). 
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Sections of these proliferations show a number of anthendia 
sunk in cavities on the upper side But very often the first antheridium 
that IS formed is not sunk in any cavity, but is situated just on the surface 
like an archegomum and is not surrounded by any tissue (PI II, Figs 3, 6 , 
Text-fig 7). These exerted anthendia show a certain amount of resem- 
blance to archegoma in that their walls are elongated radially (Text-fig 19) 
as in archegoma or are made up of two layers near the base as m the venter 
region of the archegomum (Text-fig 18) The later formed anthendia 
grow in an acropetal manner with the youngest near the apical and the 



Tf \t WOS 12-1 0 Marchantia palmata Noes 

(13) A ttomial archogoninm x '13 (13) An abnormal archegamum with three 

eggft, X 846. (14 ft 15) Abnonnal anthcTiiba (14) x 87 (15) x 97 (10) Anormal 

antheridium. y 55. (17) An antheridium with two chambarn x 03 (18) Abnormal 

Muhboridium showing division of the cells of the walMayer towarfis the basal 
wgion. X 267, (19) Abnormal antheiiduixn showing the rcHa of the wall-layer 
elofigated at right angles to the axis of the structure, x 170. Contents not shown 
in Figs. 17-10. 
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oldest aear the basal region Most of the anthendia that are formed later 
are normal and quite similar to those formed on normal male receptacles 
But the few anthendia that are formed on the proliferation near its base 
are very peculiar m showing characters which are midway between those 
of anthendia and of archegonia Most of these resemble archegoma in 
external shape, but contain inside a large number of spermatogenous cells 
(PI II, Pigs 2, 6 , Text-fig 15) These spermatogenous cells are invanably 
found in a degenerate and aborted condition A few are very similar to 
anthendia in general structure but their upper portion is not broad and 
rounded as in normal anthendia but are very narrow as in archegoma 
(Text-fig 14) 

An interesting case of an abnormal archegonium was found in one of 
the sections This archegonium contained three eggs in the ventral region 
and, out of these three, two were large and one was very small (Text-fig 13) 
This case suggests a tendency on the part of the cells inside the archegomum 
to multiply in number 

One of the abnormal anthendia had a long and slender stalk, but the 
anthendial portion was divided into two compartments by the development 
of a partition-wall right across the anthendium (Text-fig 17) The 
chambers were empty and presumably contained spermatogenous cells 
The significance of this was not clear It is just possible that the two 
chambers represent the development of the venter and the neck region 
of an archegonium and were brought about by the division of the cells in 
these two respective portions 

The proliferations during their growth would appear to start as a 
definitely female structure, but to gradually change to a male structure 
And, during the stages of this transition, it forms sexual structures which 
are intermediate between female and male 

Dtscusston 

Androgynous receptacles have been recorded in a few genera of the 
Marchantiaceee {Pretssta, Dumorttera and Marchanfta) by various authors * 
As early as 1834, Taylor^* recorded androgynous gametophores in 
Dumorttera trrtgm In a later commumcation'* as regards the gameto- 
phores of this plant he states that “ The fructification is commonly dioecious, 
sometimes monoecious, and not rarely androgynous as observed in Afarchantta 
anirotgyna ” 

* A sliort hictnrical Moount of aadfogynotM receptacles is gi\en by Cutting* uid 
A. W. Haupt,* 
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In 1880» Goebel* described androgynous receptacles lu Preissta 
commutated He observed that in these receptacles the two antenor lobes 
bore antheridia on the upper surface, while the two posterior ones had 
archegoma on the lower surface He thinks that this does not represent 
a reversion to the primitive moncecious arrangement of the sexual struc- 
tures, but is merely a case of replacement In 1881, Leitgeb^* also 
recorded androgynous receptacles m Preissta commuiaia These receptacles, 
unlike those recorded by Goebel, bore two archegomal groups on the lower 
surface of the anterior portion, while the posterior portion bore anthendia 
on the upper surface He expresses the view that the androgynous condi- 
tion IS brought about by a delayed sexual differentiation of the branches 
that bear the sexual structures, instead of such a change being initiated 
earlier in the vegetative portion of the thallus itself In 1899, Townsend^* 
desenbed androgynous receptacles in the same liverwort These receptacles 
bore anthendia on the upper side and archegoma on the under surface 
A W Haupt’ states that the receptacles of Prets^ia quadrata are very fre- 
quently bi-sexual Some of them were like those described by beitgeb 
and others were like the ones observed by Goebel He states that in most 
cases " either both anterior groups of sex organs were of one sex and both 
posterior groups of the other sex, or less frequently three were of one sex 
and one of the other In a few cases both of the groups on one side of the 
receptacle were oi the same sex, and both groups on the opposite side of the 
other sex*' 0*Hanlon^* in his paper on Pretssta quadrata, gives a 
photomicrograph of a longitudinal section of an androgynous receptacle, 
m which the arrangement of the anthendia and archegoma were quite 
similar to that of Haupt's specimens He states that " Pretssta is not only 
a monoecious plant, but there also occur mixed heads” 

Ernst* recorded androgynous receptacles m Dumorttera trtchocephala 
and D veluttna He found that these receptacles were fairly common in 
the former, but were found only very occasionally in the latter In these 
receptacles, one portion was completely male and bore anthendia on the 
upper side and the other portion was completely female and formed arche- 
goma on the under side Campbell^ also found bisexual receptacles in 
Dumorttera trtchocephala and states that they were qmte similar to those 
found by Ernst. Kashyap^i states that androgynous receptacles occur 
frequently m Dumorttera htrsuta, especially in forms collected from very 
moist places, but does not give details regarding their structure 

Heberlein* found in an unnamed species of Marchanita from Peru- 
vian Andes, two androgynous receptacles which had much the shape of 
the female receptacles and had the archegoma on the under side in their 
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usual position, but bad antberidia on its upper side sunk in cavities 
G Haupt* found in Marchantta grtsea that the receptacles were either 
male or hermaphrodite In the bisexual ones one portion of the receptacle 
was male and the other female Cutting* found in a species of Marchemtta 
which he got from Chelsea Physic Gardens, London, plenty of androgynous 
receptacles These receptacles resembled archegomc^hores But a number 
of proliferations were growing from their lower surface And on these 
proliferations were formed a number of anthendia sunk in cavities He 
states that these anthcndia-beanng proliferations are " formed as out- 
growths from a portion of the under surface of a female branch" He again 
states that the *' male outgrowth was formed secondarily as a kind of 
proliferation, and is not a mere replacement of the normally female branch". 
He suggests that " it would not be unlikely for the entire archegoma- 
bearing portion of a branch to grow out into a protuberance", but states, 
however, that " no such case has been seen " by him Chc^ra* 
refers to some receptacles of MarchatUut tndtea as androgynous and says 
that they are quite similar to those desenbed by Cutting 

Now, coming to the Nilgiri Marchantta, we find that its receptacle is 
primarily an archegoniophore and its general form and course of develop- 
ment ate quite like that of any normal female receptacle But the arche- 
gonia-forming lobes of the receptacle, after producing the usual output of 
female structures, instead of stopping further growth, become active once 
again and grow out into anthendia-beani^ proliferations These prohfera- 
tions produce at first, however, sexual structures which are intermediate 
in character between an archegonium and an anthendium and only later on 
do they produce typical anthendia So we see that Cutting's suggestion 
that " It would not be unlikely for the entire archegonia-beanng portion 
of a branch to grow out into a protuberance " is now actually found very 
commonly in the Nilgiri Marchantta, though Cutting did not find any such 
case m the Chelsea material 

In all the previous cases mentioned above, the receptacles are andro- 
gynous from the very commencement Some portions them form the 
male structures and the other portions the female structures The ardie* 
gonia and the anthendia are situated on the main receptacle itself, thou|^ 
their positions varied in the different forms But the present case is qmte 
different from any of the previously recorded types Here the whole recept- 
acle IS completely female to start with and produces only archegonia up to 
a certain stage After that, some of the arch^oma-forming lobes become 
transformed into anthendia-forming ones In other words, the lobes change 
their sex from female to male durtng the conrse of ihmr development. The 
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difference between the previously recorded cases and the present one i$ this 
In all the previous cases the receptacle is bisexual from the very commence- 
ment, some portions being male and the others female, whereas in the 
present case the receptacle is unisexual (female) to start with and then in 
its ultimate portions changes its sex from female to male 

What exactly may be the cause which leads to this change of sex is 
not quite clear It may be mentioned in this connection that a large 
number of plants bearing these androgynous receptacles are infected with 
a fungus The vegetative portion of the thallus is very heavily infected 
in almost all cases In a few cases the mycelium was found to invade the 
receptacle and to attack the sexual structures also This fungus produces 
on the dorsal surface of the receptacle and on the proliferations a number 
of small pycnidia (PI II, Fig 1) I am unable to say at present whether 
this fungus could in any way be the cause of the change of sex in the present 
MarchanUa 

I 

G Haupt.* while investigating the androgynous receptacles of Mar- 
chantxa grtsea, found that the male plant had only 9 chromosomes whereas 
the female and the hermaphrodite ones had 10 chromosomes, of which one 
was very small and was called by him the " z” chromosome But the 
antheridia formed by these hermaphrodite plants had only 9 chromosomes. 
He thinks that, during the formation of these anthendia, the ” z ” 
chromosome is somehow lost This '' z ” chromosome is considered by 
him as being responsible for the female sex In the Nilgin MarchatUta 
the author found plenty of aberrations in the chromosome complement 
of the normal female receptacle as well as of the proliferations It could 
not be decided how far these aberrations may be responsible for the change 
of sex in the liverwort A detailed account of these aberrations will form 
the subject of a separate communication 

A word may be said here regarding the change of sex in the Nilgiri 
Marchantta The change of sex of the branch forming the archegonia is, 
as seen already, not sadden Before it begins to form normal anthendia, it 
forms structures intermediate between anthendia and archegonia The 
change in the sex is gradual A study of these abnormal anthendia bnngs 
prominently to view the homologous nature of the two structures, vtz , the 
anthendia and the archegonia Both these structures rqireseut game* 
tangia enclosing sexual cells or gametes within a common wall In the 
male structures are found qnite a large number of sexual cells all of which 
arc functional, while in the female are found only a amall number of sexual 
eaOa of which only one (egg) is functional Davis* suggests that anthendia 
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and archegoma are derived from a common bporangial structure Holferty*’' 
found in Mntum cuspidatum plenty of abnormal archegoma which showed 
structures intermediate between those of an anthendium and of an arche' 
gonium From a consideration of these, he comes to the conclusion that 
anthendia and archegoma had a common origin, probably from a multi< 
locular sporangial structure, as suggested onginally by Davis The various 
intermediate sexual structures found in the Nilgiri Marchantia would also 
appear to lend much support to this view 

Summary 

1 MarchanUa palmala which grows commonly at Ootacamund on 
the Nilgins forms plenty of androgynous receptacles 

2 These receptacles start as purely female receptacles, but soon one 
or more proliferations bearing anthendia grow out from its under surface 

3 These proliferations aie merely the archegonia-beanilg lobes of 
the female receptacle which become active again and contijiue to 
grow further into narrow elongated outgrowths 

4 The proliferations produce at first sexual structures which are 
intermediate between an archegonium and an anthendium and later on 
typical anthendia A consideration of these intermediate structures 
suggests that anthendia and archegoma are homologous structures 

6 A fungus forming pycmdia is generally present in the liverwort. 
It could not be diaded whether the change of sex in the receptacle is due to 
this fungal attack 

I have great pleasure in acknowledging my indebtedness to Prof 
MOP Iyengar, m A , Ph D (I^ond ), p i, s , for his constant guidance and 
help in the preparation of this paper My thanks are also due to the autho* 
rities of the University of Madras for the award of a research scholarship, 
during the tenure of which the present investigation was earned out 
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EXPLANATION OF PLATE II 
Afarthanita palmata Noes 

1 Section of a proliferation ehowlng a portion (darkly stained portion) attacked by 

a fungus Note tlie pycnldia (p>) of the fungus x 25. 

2. Section of a xvroliferation showing an abnormal antherldium by the side of a 

normal one x 88 

3. Tangential section of a proliferation showing a superOtial antheridium atbaae, 

and a number of nonnid anthendia higher up x 35 

4. Vertical section of a normal female woeptacle x 9 

5 I'hotographs of a bisexual (n), female (6) and male (c) receptacles x 3 

6. Proliferation showing two abnormal antheridla one superficial and the other 
Inside a cavity x 24* 

7« Longitudinal section of a proliferation sliowing antheridla inside ohambera. Note 
the arohegonia in their original positions in Figs 0 and 7 X 88 
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BRYOZOA FROM THE BAGH BEDS 


By G W CHiPtONKER, M Sc 

{Dtparimeni of /lenatcfi Uindti fjnirenfify) 

Heceivcd June 2(i, HK?9 

(rommumcated by Piof L Kama Kao* m \ , P o s ^ 

Introduction 

In the preliminary identification of the fossils from the Bagh Beds given 
by Duncan,* the Bryozoa were represented by Eschara sp , and Eschartna 
sp , in the Deola-Chirakhan Marl To this P N Bose added Cenopora 
dtspar Stoliczka, a species described from the Ariyalur stage of the Creta- 
ceous series of South India ^ But like all the other groups of fossils from 
these strata Bryozoa also were till now not studied in any detail Subse- 
quent to the study of the Echmotds and RhynchoneUtds from this formation,* 
the Bryozoa were taken up for a detailed study with a view to investigating 
into the alleged faunal affinities between the Bagh Beds and the Cretaceous 
senes of South India,* and to see what light they throw on the problem of 
the age of the Bagh Beds 

The material studied here was collected by the late Prof K K Mathur 
and by the present writer from the various exposures in the neighbourhood 
of Agarwara (lat 22° 16', long 75° 59'), Chirakhan (lat 22° 21' 30", long 
75° 7' 30"), the type locality, Ajantar (lat 22° 19' 30", long 74° 66') and 
Bagh (lat 22° 21' 30", long 74° 47' 30") Though the Bryozoa des- 
enbed below were obtained from all the fossiliferous divisions of the Bagh 
Beds,* their mam bulk comes from the Coralline Limestones which are very 
largely made up of their fragments Due to the unusually hard nature of 
the Coralline Limestone and its saccaroidal appearance on the freshly 
broken surface, it is only on the naturally weathered surfaces that 
these fossils can be observed , the fragments weathered out from the 
Coralline Limsetone always get mixed op with those from the Deola- 
Chirakhan Marl , the staining red due to iron oxide is more conspicuous m 
the case of the specimens from the Marl , but here the nature of the matnx 

> Q T 0,8 . 21, 361 : Mnn G«ol Ind., 250. 

* Mem. 0.8 1 , 21. 37, 40, 47 { Pal Ind,. (H), 2, 20. pi 3. Og 1-3 | Matt. Oeot Ind , 

250. 

■ Prac Ind dead 8n , (11), 6, 00-71 , tbtd ,1, 300-10 : tbuf , 2, 286-40 

* Mem a.8 1 , 21, 38-44 

* Ibid,, 21, 35-44 t Can. Set , 4, 322. 
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has not always proved to be a dependable indication for the source of the 
fossil , and thus one is oftentimes very much uncertain as to the exact 
occurrence and the relative abundance of the different species in the Marl 
and in the Coralline Limestone Owing to this unfavourably hard nature 
of the rock, the method of washing and screening which is oftentimes 
applicable for securing isolated Bryozoan specimens, is found to be absolu- 
tely useless in the present case 'This, besides the inherent difficulty in 
studying fossil Bryozoa has, very seriously hamx>ertd the present work 
It IS only m the three species of Cenopora that isolated specimens were 
obtained from among the debris of the weathered Coralhne Limestones . 
and only their internal structure could be studied under the microscoi>e in 
thin sections taken along definitely known directions In all the other species 
a large amount of matenal could be examined oiil}' on the weathered sur- 
faces of rock specimens, their longitudinal and transverse sections being 
obtained accidentally in rock sections 

The author very much regrets that due to weathering and the hard 
intractable material encrusting the fossils, the photomicrographs could not 
be better than what are reproduced here 

All the Type specimens are preserved in the Department of Geology, 
Benares Hindu Umversity 

Descrtptton of Species 

Order Cyclostomata, Busk 

Family Idmonudse, Busk 

Genus Idmonea Lamouroux, 1921 

Idmonea btsertalts sp nov 
(Plate III, Figs 2, 9) 

Dtmenstons — Outer diameter of the Zoacium 
Inner „ .. 

Description — The zoanum is branchii^; dichotomously , the apertures 
are arranged in oblique alternating series on the nght and the left , aper- 
tures are moderately projecting outwards and «ab-circolar in outline 

Comparison — ^This species closely resembles Idmonea francorum 
Pergens,* from the Senonian of Central France, in which, however, the 
zoBcia are a little contracting towards the aperture and thus have smaller 
apertural diameter 


mm 
0 16 
0 10 


* Bull See Belg, Oie , 8f 848 , pi. 13, flg 1. 
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In Idmonea controtths I^onsdale^ from the Senoman of New Jeisey. 
Charente, France, and Poolaud, South Afnca, the zoacia are without 
any definite arrangements , the upper part of the zoacia is free and much 
projecting outwards 

Family Cenopondte, Busk 

Genus . Certopora Goldfuss. 1827 
Cenopora dmorphopora sp nov 
(Plate III, Fig 6 . Plate IV. Figs 2-3) 


mm 

Ditnenstons — Longer diameter of larger aperture 0 16 

Shorter „ „ „ 0 10 

Longer diameter of smaller aperture 0 9 
Shorter „ „ „ 0 6 


Description — ^The zoarium is large, free, sub-cylindncal with lateral 
branches , the surface has sometimes feebly developed tuberosities The 
zoacial tubes are polygonal with rather thick walls The apertures are 
rather small, elliptical and in two sizes , the larger apertures are often 
surrounded by the smaller ones , the larger apertures are more or less regu- 
larly arranged in quincunx In general the surface shows a heteropond 
aspect The zonal lines are not much separated 

Comparison — By the nature of the zoanum this species resembles 
Cenopora lobtfera Canu and Bassler,* from the Valangian of Samte-Croix> 
Switzerland, from which it can be easily distinguished by its elliptical aper’ 
tures in two sizes and much thicker zoacial walls. 

From Certopora dimorphocella Canu and Bassler,* from the Aptian of 
Farringdon, England, this species can be distingui^ed by its elhptical 
onfices and the zonal lines 

Cenopora conoforms sp. nov 
(Plate III, Fig. 3 , PUte IV, Figs. 1. 8) 

mm 

Dimensions —Longer diameter of the larger aperture 0> 17 
Shorter „ „ „ „ . 0*12 

Longer diameter <rf the smaller aperture 0 • 10 
Shorter „ „ „ „ 0 6 

Description — The zoanum is conical with no lateral branches; the 
g^eneral surface gives a heteropond appearance The zoacial tubes are 

' Q J a.8 , 1, 68 , Pal. Fr., 5, 729 j Prod Pat Strut., t, 265 , Ann.^. Afrie. Mue., 
4, 280. 

» Proe UJS Ned Mue , ST, 27, pi. 28, figs. 11-lT. 
pi. 24, flga. 1.4, pi. 81. iigs. 7-8. 
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polygonal with the walls rather thick The apertures are small, elliptical 
and generally in two sizes The larger apertures are surrounded by the smaller 
ones and are generally arranged in a roughly quincunxial order Not infre- 
quently are found apertures of a third size roughly intermediate between 
the two sizes, of which the micrometnc measurements are given above In 
the case of such apertures the zoacial walls are found to be thicker than in 
the case of others , so that this third size of apertures is in reahty a modifica- 
tion of the larger ones 

Companion — This species is distinguished from the associated 
C dtmorphopora sp nov , described above, by its comcal zoanum without 
lateral branches, the zonal lines more frequent and the occasional develi^- 
ment of the third size of apertures by thickemng of the zoacial walls. 

Cenopora Mtpsopora sp nov 
(Plate III, Fig 6 , Plate IV, Fig 4) 

mm mm 

Dimensions — I,onger diameter of the orifice 0 16 — 0 19 

Shorter „ „ 0 9 — 0 11 

Descnptton — The available material is in the form of cylindncal 
pieces over 15 mm m length , so that it is uncertain whether it has a tendency 
to branching laterally The cross-section of zoanum is broadly elliptical 
The zoacial tubes are polygonal with rather thick walls The onfices are 
elliptical and arranged roughly in hexagonal pattern in such a way that 
every orifice is at the centre of a hexagon 

Companion — This species differs from the associated C dtmorphopora 
sp nov , described above, by the nature of its zoanum, only one type of 
zoacia, and zonal lines rather crowded in the marginal region 

Cenopora dupar Stoliczka'” from the Anyalur Stage of the South 
Indian Cretaceous Series which Bose^^ had reported to be present in the 
Bagh Beds also, can be easily distinguished from the present species by its 
more or less circular and smaller orifices 

Ceriopora lobt/era Canu and Bassler” from the Valangin of Switzerland 
differs from this species in having branching zoanum with oval to sub- 
circular apertures and thinner zoacial walls 

Family . Ceriocavidas Canu and Bossier 
Genus . . Cenocava d’Orb igny, 1868 


10 Proe U.S Sat 1-6 , pi 81, figs 7-8 

** Pal tad,, (8), 4, pt 3, 26, pi. 3, flgs. 1-S , 4«o PoL, 11, fiwc Ill-IV, 27, pi 1 1, 
flft 8| Ca< Cm Hry., 1, 261. 

» Mem. 0,8.1,, 81, 87, 41. 48. 
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Certocava mtcropora sp nov 
(Plate in, Fig 1) 

mm TTitn 

Dimensions — Diameter of the orifice . . 0 10 0 14 

Diameter of a large branch . 2 3 

Description — The zoarium is free and branching with the branches 
cylindrical The orifices are rather small, polygonal, arranged in qmneunx, 
but occasionally roughly in horizontal lines also The ovicells are very 
minute 

Comparison — This form resembles the Valangian species Cenocava 
grandipora Canu and Bassler^’ from Switzerland The orifices in the present 
species are, however, very much smaller (i e , about one-third of those of the 
Swiss species) 

Order Cheilostomata, Busk 

Family Membranipondee, Busk 

Genus . Membranipora Blamville, 1834 

Memhranipora mathuri* sp nov 


(Plate III, Fig 10) 



mm 

Dimensions — Longer diameter of zoacium 

0 27 

Shorter 

0 19 

Longer diameter of aperture 

0*22 

Shorter „ „ 

0 13 


Description — The available specimens are preserved as small patches 
each including only a few zoacia The zoacia are arranged in more or less, 
regular linear senes, those of the adjacent senes being nearly in honzontal 
lines The series have a common suture The zoacia are oval to sub- 
elliptical , the apertures are oval The zoacia are bordered by a more or 
less distinct rim 

Comparison — Af vendinnensis d’Orb ** from the Cenomanian of Sarthe, 
France, is closely related to this species , but the French form has larger 
zoacia and the disposition is less regular 

M sub-ovalts Canu>* from the Senoman of Turns has the zoacia of the 
same type and disposition as the present species, but the Afncan form has 
Its zoacia larger and also has interzoacial pores 

“ iVoi r;,.S' Nat Mw> , 67, 07, pi 0, flgt 14-17 
• Thw aporto* is natiit'd aftoi the late Pivf. K K. Mathw 

Prod Pal Strat , 2, 174 , Pat Fr , 6, 546, pi. 000, flas. 0-10 , BuU Soe O4o. 
Fr , (4), 12, 340, pi. 18, Og 1 , tbul , (8), 26, 364 s «6td , 26, 741 
» IM , (1), 8, 000, pi 21, Og 2. 
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Memlrampora pseudo-normantam sp nov 


(Plate in. Fig 8) 

mm 

mm 

Dimensions — Longer diameter of zoacium 

0 23 


Shorter ,, „ 

0 20 


Longer diameter of aperture 

0 15— 

— 0 17 

Shorter ,, „ 

0 10— 

— 0 12 


Description — The zoana are preserved as small patches , the zoacia 
are disposed irregularly and polygonal in outline , the spaces between larger 
zoacia are occupied by smaller ones which are probably due to overthicken- 
ing of the zoacial wall of the larger ones The aperture is oval to sub- 
elliptical in outline and is nearly half of the zoacium in diameter 

Comparison — This form resembles very c loscly M normaniana 
d’Orb from the Senonian of France and North-West Germany , but the 
European species has wider apertures and the zoacial walls thinner 

M cervtcornis Brydonc*’ from the B mucronata zone (Senoman) of 
Portsdown, England, has its orifices wider and more sub-circular and the 
walls relatively thinner 

Family Onychocellidie, Jullien 

Genus Lschara Eamarck, 1801 

Eschara chirakhanensts sp nov 
(Plate III, Fig 7) 

mm 

Dimensions — Length of the zoacium 0 36 

Width ,. ,. .0-22 

Description — The zoarium is encrusting on rhynchonellid shells, with 
the zoacia arranged in regular linear senes, the zoacia of the adjacent senes 
alternating The aperture is oval with a low simple border which is clearly 
seen on the anterior and on the two sides , aperture is nearly half of the 
zoacium m length 

Comparison — This species can be distinguished from E cenomana 
d’Orb from the Cenomanian of France, by its encrusting habit, larger 
zoacia and the front wall and the aperture relatively a little narrower 

M Prod. Pal Sirat , 2, 202 , Pat h'r . ft, 550. pi 607, flgs 5-6 1 and 0-10, 561, 
pi 607, 6(:> 11-12 . teopoldtmi, 121, pt 5, Og 2 
« Otol. Man . <81. 1®. 186. P* 7, nRn 5-4 

“ Prod, Pal Ptrat , 2, 170 , Pal Pr , ft, 105, pi 602, fl|{s 1-8, 246t pi. 687. Uga 
14-18 I BuU Bor O4o Pr , (3). 2ft, 737 ; ibtd , 22, 361 $ tbid , (4), 12, 355, pi, 14, flgii 
8-4. 
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The present species differs from B. santouensts d'Orb.” from the 
Senonian of France, in having a larger and more oval aperture. 

Eschara regularts sp nov 


(Plate III, Fig 4) 

mm 

Dimenstons — l^onger diameter of zoacium 0 37 

Shorter „ „ . 0 25 

Width of aperture . . . 0 12 

Height of aperture . 0 10 


Description — The zoarium is encrusting , the zoacia are hexagonal, 
longer than broad and arranged in regular senes with zoacia of the adjacent 
series alternating , they are provided with a raised prominent rim The 
front wall is feebly convex towards the nuddle and is much below the level 
of the zoacial nm The aperture is nearly semi-circualr with a low rim 
slightly broader than high, anteriorly rounded, posteriorly straight and 
rather large , it is situated just below the zoacial nm, which is closely 
followed by a very feeble, shallow depression after which the convexity of 
the front wall begins 

Comparison — As compared to E royana d’Orb • from the Senoman 
of France and Pondoland, South Africa, the present iqieaes is an encrusting 
form with slightly broader zoacia 

E panstensis d’Ortb from the Senoman of the Pans basin, resembles 
the present species in having a depressed groove along the inner side of the 
zoacial nm and the regularity of disposition of the zoacia The difference, 
however, lies in the present species having shorter zoacia and the aperture 
posteriorly straight and situated quite antenor to the centre of the 
zoacium 

By the irregulanty of disposition and shape of the zoaaa and the oval 
aperture with a tooth near its antenor margin E neret d’Orb.,** a Senoman 
species from Central France, can be easily distingmshed from the present 
species 

» Pol , 6, 100. p] 608, fl«i 1-S t pi 078, fig 4 . Prod. Ptd. Strut., t, 864$ 
Bull Soe Oio Ft , (3), 88, 308 

M Prod Pal Slrat . 8, 204 , Pal. Fr , 8, 108, pi. 008, Ags. 12-18 , pi. 078, figs. 8-8 ; 
Rev Soul , 112 . Ann S tfrte Mun , 4, 280 . Bull Soe Gdo. Fr., (8), 88, 300 

» Ret. Zool , 112 , /Vod Pol. iSfrol., 8, 204 1 Pat. Fr., 8. 110, pL 808, figs. 4-8 . 
pi 073, flga S-0 , Sail, Soe. Ode. Fr., (4), 8, 13 

** Ret Bool , 112 , Prod Pal Strut . 8, 204 1 Pal Fr., 8, 111, pi 008, 8f>. 10-18 1 
pi. 004, flga 1-4 { pi 078, flg. 7 , Bull. Soe Odo. Fr., (8), 18, 881. 
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Eschara holkan* ^ nov 
(Plate in. Fig 11) 

mm 

Dtmenstons — ^Ivonger diameter of zoacium . . . 0>3 

Shorter 0 2 

DescnpUon — The zoarium is encrusting , the zoacia are elliptical, 
arranged in regular linear senes, with the zoacia of the adjoining senes alter- 
nating with each other The aperture is rather large, sub-circular to oval, 
a little more than half the size of the zoacium and has an inconspicuous 
nm , the front wall is depressed towards the aperture The space in the 
interzoacial corners is trigonal and depressed 

Comparison — E dejantra d’Orb “ from the Senonian of the Pans- 
Pynneese basin differs from the present species in having the zoacia ovaj 
rather than elliptical, the aperture smaller and postenorly sbghtly truncated 
and the marginal nm incomplete 

Geological Age and Faunal Affinities 

The accompanying table summarises the faunal affinities of the Bryozoa 
from the Bagh Beds with those from other parts of the world Since there 
are no species common to these beds and Cretaceous series of strata else- 
where, of which the geological horizon is fixed on the basis of other fossils. 
It IS rather difficult to assign any definite horizon to these Bryozoa with 
certainty However, to discuss their relations with species from different 
parts of the world, we find that these Bryozoa show, like the Echinoids 
from these beds,** a mixture of affimties towards certain European species 
ranging from the Valangian to the Senonian Of the ten species desenbed 
above, to consider first the more abundant ones, we have Membrampora 
mathuri, M pseudo-normamana, Eschara Chtrakhanensts and E regulans 
Of these Membrampora mathuri is related to M vendinnensts d’Orb from 
the Cenomaman of Sarthe , Eschara Chtrakhanensts is allied to E sofdotteusts 
d’Orb from the Senoman of France on the one hand and to E cenomamt 
d’Orb from the Cenomanian on the other , while the remaining two species 
have their allies m the Senonian of France Among the less abundant 
forms, we have the three species of Certopora related to lower Cretaceous 

* Thin uppcies is luunsd after His IJlghnem The Maluinija Holkur in whose tortl* 
tory the Bagh Beds are nioely exposed m the type sections at Chiiakbnti. 

• Pol Ft., B, 161, pi. «7.'5, figs 17-19 { BuU. 8oc Oio. Fr , (8), M, 401, pi, 8, figs. 
lO-lO 

** Proo. ini Aeai, 8eu, 6, 00-71 , Vnd., 9 
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Table showing Vertical Dtsiributton and Affintty-Relahons of 
the Bryozoafrom the Bagh Beds 


No 

from the 
llagh Heda 

Allied HfieoieB with 
Btrati^rajihical 
position 

Nodular 

LimcBtione 

flower 

Cnrallme 

Li^iefitonc 

Deola 

Chirakbnn 

Marl 

upper 

Oomlline 

Limestone 

1 

I4moma (oapria/ta sp 
no> 

Idmonia framjonttn Pt*r 
gens , V non 1.10 of Fiance 


X 

9 

X 

2 

CcTiOi»ora htmrjho 
jirtM Hji nov 

dunorphnctUa 
Canu and , \p 

iinu of Fatiirigton 


X 

9 

X 

3 

C eoNo/ormi«8| no^ 

Do 


X 


X 

4 

C ilUpiofioira ap iio\ 

t lohijera Canu and Has 
Blur \alangian of Hwit 
zoilaiid 




X 

G 

Ctrxoeata m\cropora 
Bp nov 

Certoeam (frandt ;>ora Canu 
and liofwlei , \ alangian 
of Swt^Bti'lnnd 




X 

6 

V<»l/ira»i;>ora 
ynaikun sp uo> 

Mfi/nbrant/tora vendtnnrn 
sts d'Orb , Conofuanian 
of Sarthe 


X 

V 

V 

7 

il/ pHndo nor man 
tana Bp nov 

4f ftormnnifina ePOrb , 
Senonmn of JhVaiioe 

X 

X 

X 

X 


JSitehara chtrakkanen 
SIS Bp nov 

Ksc/iarasanloneitsisd*Orb , 
Si^nonian of Fiauco £ 
OnoMann d Orb , Geno- 
itianion of >rnncc 

X 

X 

X 

X 


K reyB/arMa]! nov 

JS ftarwenstf d Orb , 
Senuniau of Puna Knibui 


X 

X 

X 

in 

A' fiotiaitnp nov 

£ d^artna d Orb Seno 
man nf Parii(<-PyiiiteeBe 
baBiii 
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species from Switzerland and Parringdon Cenocava mtcropora is allied to 
C grandipora Canu and Bassler from the Valangian of Switzerland The 
remaimng two species, Idmonea btserutlts and Eschara holkan, have that 
near allies in the Senoman of Prance 

Thus to consider this Bryozoan fauna in general, it does not seem 
unjustified to assign to them a honzon at about the Cenomoman, a conclu- 
sion which 18 not contradictory to the results amved at from the study of 
the Echinoids and Rhynchonellids from this formation 

As IS already mentioned m the Introduction, the Bryozoa described 
here, are obtained in the mam, both m number and land, from the Upper 
Coralhne I^imestone, which is the uppermost membtf of the Bag^ Beds 


*■ /Md., 7, eO-67 , (Md., 7, 812-13 ; tM., 8, 
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It 13 thus significant to note that the geological age assigned here to the 
present Bryozoan fauna is based on the study of the species mainly from the 
youngest member of the senes 

As to the alleged direct faunal affinities between the Bagh Beds of 
the Narbadha Valley and the Cretaceous Senes of South India,** the present 
study of the Bryozoan fossils shows that no species are identical with, nor 
even allied to any of the forms described from South India*’ On the 
contrary, these fossils arc related to the Mediterranean biological province 
The present study thus supplies clear evidence, in addition to that furnished 
by the Echinoids and the Rhynchonellids from these strata,** to show that 
the Narbada Valley and the Tnchinopoly District belonged to two different 
basins of sedimentation with no direct connection between them and 
supported their own faunas 
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TSXPLANATION OF THE PIRATES 
PlATB III 

Ftg 1 ^Cenoenia micropora sp nov { sbowipg part of the coariiim X )8 (Holotype ; 
BHU No B/5) 

Fio 2 Jdmcnm htaertalvt tip nov , showing part of the noarium x 18 (Holotypo ; 
BHIT. No.B/l) 

Fio. 3 — Cenopora ronoformis sp nov , showing part of the zoariiim X 55 (Holotvpo ; 

BHU No. B/3) 

Fio 4 — EatJiara regulans up nov , showing port of the soarium x IS (Holotype , 
B H U. No. B/0). 

Fig o — Cmr^ora dimorphopwa sp nov ; showing part of the xoarium x 18 
(Holotype , B H U No B/2). 

Pio. 6 — Cenopora ellipaopnra Bp nov , show ing part of the zoaniim x 18 {nolotyi>o , 
BHU No B/4) 

Fig 7 — Eectwra chxtakhanemxB sp. nov , showing part of the eoanum x 18 (Holo- 
type ; B H U No. B/8) 

Fig. 8 — Mtmbramporit peruefo normantona sp nov , showing part of tfie voarlum 
X 18 (Holotype, BHU No B/7) 

Fio. 0 .— hiaerxahH sp nov. • shoaing part of the zoanum. x 18 (Paratype 
BHU ^o B/1-1) ’ 

Fio 10 — Memhfmupofa maUwtx sp nov , shovring part of the zoarium x 18 
(Holotype , B H U. No. B/0) 

Fid. ll.-^FNcAora ho(kart sp. nov , showing part of the roan uni x 18 (Holotype, 
BH.U No. B/10) 

PlATB IV 

Fio. 1 — Certopora romfotmtH sp nov ; showing cross section of the zoaripm x 12 
(Holotype , B H.U No B/3) 

Fin 2.— Cerfoporo dmnrphtypota sp nov ; showing cross section of a branch of the 
roariiim x 12 (Paratype, BHU No B/2-1) 

Fig 3.— Cenopora dimorphopora sp nov ; showing jiart of the zoarium , natural 
size (Holotype , B H U No B/2) 

Fxo. 4.— rsrujporo elftpsopora sp nov ; showing part of tlie zoariiun; natural size 
(Holotype, B.H U No B/0 

Fio. 5 — CVrfopora eomformt* sp nov , showing part of the zoarium ; natural size 
(Holotype . B.H V No B/3) 
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Introduction and Acknowusdgmsnts 

Birds form one of the most important economic tmits of an im als , some of 
them even constituting the delicacies of our table, but very little attention 
has so far been paid to the study of their Trematode parasites in India 
In view of their economic importance and also in order to remove some 
existing confusion in the descnption and classification of these parasites, 
I determined, at the suggestion of Dr G S Thapar, to work out the morpho- 
logy and the systematic position of Avian Trematodes from India In 
spite of the fact that birds are migrants, results have not been disappoint- 
ing and I have been able to collect materials and data that add to our 
knowledge of this group 

Part of the work has already been published and is referred to at its 
proper place in the thesis 

The work was earned out in the Zoology Department of the Ducknow 
University during the years 1934-36 I wish to record here my deep 
indebtedness to Dr G S Thapar for his kindly advice and criticism through- 
out the progress of my work He further very kindly allowed me free 
access to his valuable personal library and placed part of his own collection 
of Avian Trematodes at my disposal for which I express my sincere thanks 
Several other colleagues rendered valuable help in my work — ^Mr J Dayal 
in going through the typed manuscript , Dr (Miss) Dorothy Speer and 
Dr A C Chatter]! in the translation of some German literature , Mr K S 
Iyer in going through some literature in French — and I take this opportunity 
to put on record my sense of gratitude for their help I am also thankful 
to Mr G N Hatu, our artist, for technical assistance in the preparation of 
illustrations My thanks are also due to the authorities of the Zoological 
Survey of India for providing facilities to consult their Library To Prof 
Birbal Sahni, P R s , I am indebted for the loan of a few journals from his 
private library, and last but not the least I am thankful to the authonties 
of the Lucknow Umversity for facilities given to carry out these investiga- 
tions 

Historical Review 

The work on Avian Trematodes from India w |iardly more than a decade 
old The earliest record, to which I have been able to refer, is that ot 
Bhalerao (1926) where he describes five species of Trematodes, vte , 
Echmoehasmus eorvus, Stephanoprora reynoUt, PhaneropsoUts insoUns, 
Lyperosomum hdkea and Platynosomum acittmnaUm from the Burmese 
crow, Corvus tnsolens. Of these, Platynosomum aeumtnatum has previously 
been reported from the liver ot a Kestrel from Scotland by NicoU (1915) 
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Phadke and Gulati (1930) recorded a new genus MuUtmtMana from 
the gall bladder of the common house crow, Corvus sfkndens and created 
a new subfamily Multivitellarinse for its reception 

Moghe (1932) described two new species EchinosUmum gomndutn and 
Paramonosiomum mtcrostomum from the rectal cteca and the small intestine 
respectively of the Indian Ruff, Philomachus pttgnax 

Harshe (1932) descnbed a new species Catatropts ortetUalts from the 
rectal caeca of the pintail duck, Dafila actUa acuta 

Gogate (1934) recorded four trematodes Echtnostonia revolutum, Pary- 
phostomum tesMnfohum, Petastger mtnuttssttnus and Omtihobtlkarzta sp 
from wild ducks in Rangoon 

Srivastava (1935) described a new species, Ascocotyle ttUermedtus, from 
the intestine of the Indian Fishing Ragle, Hdltaetus Uucoryphus, and further 
emended the diagnosis of the genus Ascocotyle The same year (1935) 
he descnbed another species, Catatropts tttdtcus from the rectal caeca of an 
Indian fowl. Callus banktva tnurgkt 

Bhalerao (1935) descnbed two species, Notocotylus babat from the 
caecum of the common kite, Mtlvs mtgrans govtnda, and Cycloccelum skaradt 
from the thoracic cavity of the western yellow-billed magpie, Uroetssa 
favtrostrts cucuttaia 

Khan (1935) described eight new species of the genus Cyclocalum, 
VIZ , Cyclocalum lobatum, Cyclocalum nebulartum, Cyclocalum stratgktum^ 
Cyclocalum tndtcum, Cyclocalum capellum, Cyclocalum mekm, Cyclocalum 
eMakabadt and Cyclocalum erytkvopts from three different genera of the 
Snipes 

Verma (1936) descnbed Ecktnockasmus bagulat from the small intestine 
of the Pond heron, Ardeola grayt and the Kight heron, Nycttcorax nycttcorax, 
and also added Ecktnockasmus rufieapensts from the intestine of tte Indian 
little grebe or diver, Podtceps ruficoUts In the same paper mention is 
made of a small variety of Prostkogoutmus and two other representatives 
of the genus Prostkogonmus, but unfortunately no account of these forms 
IS so far available A chambered excretory bladder was descnbed by 
Verma in the genus Ecktnockasmus and the dii^osis of the genus was 
emended, with a suggestion to split it up into two sub-genera 

Patwardhan (1935) recorded Lyperosomum colorosum from the gall 
bladder of a black-headed mynah. Tmenudms p^pdofum ; Proalarta akodan- 
stM from the intestine of the king-fisher, Akedo atHkts , and Neodtploshmum 
tytense from the intestine of a Bam owl, Tyto alba skrkns. 
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Thapar and I^al (1935) added a new genus Pstlorchts under the family 
Psilostomide from the intestine of the king-fisher and considered the 
evolution of several structures in the family Psilostomidie 

Later, Lai (1936) described a new species Notocotylus tndtcus from the 
intestinal caeca of the wigeon, Mareca penelope 

Again, Lai (1935) reviewed the genus Notocotylus and discussed the 
importance of the position of the genital opening On the basis of this 
character he created two new genera, Htndta and Navtformta 

Lai (1936) described two new species of the genus Paramonostomum, viz , 
Paramon jstonum querquedulun from the intestinal caeca of the garganey, 
Querquedula ctrcta , and Paramonostomum casarcum from the intestinal 
caeca of the Brahmmy duck, Casarca ruHla The value of the position of 
the genital pore as of generic importance in the classification of the members 
of the subfamily Notocotylinae was further confirmed, and a new genus 
Neoparamonostomum was created 

Verma (1936) recorded thirty-three new forms of trematodes from 
Indian birds but gave no diagrams and added very meagre and incom- 
plete descnptions It is, therefore, not easy to diagnose and include 
these forms with their present confused account at this stage, particularly 
because the author himself, as appears from his paper, is in doubt regard- 
11^ the description of many of his forms The same year (1936) he also 
described Cyathocotyle calvust from the intestine of the King Vulture, Torgos 
calvus, 

Lai (1936) described a new species Parorchts sntpts from the cloaca of 
the common summer snipe, Totatius hypoleucos The discovery of a species 
of pararchts from India in the snipe is interesting in so far as this genus 
has only been recorded from gulls and restricted only to St Andrews, North- 
umberland coast, Millport and America In the course of a discussion on 
the systematic position of the genus a new subfamily Parorchiiue was 
created for its reception, and a suggestion was pot forward regarding the 
polyphyletic origin of the family Echinostomid*. 

Lai (1986) while describing a new genus Typhlophtlus shoyeUus from the 
intestine of a Shoveller duck. Spatula clypeata, demonstrated the presence 
of a well-devel<^d muscular ventral sucker in the family Cycloccskdse 
and also discussed the advisability of retaimng the subfamilies Cyclocosliiue 
and Typhloccehiue The sigmficance of a ventral sucker as a basis for genenc 
divisi<ms was also pointed out 
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l^al (1936) recorded a new species LemnsenteUa tndtca and sog^erted 
the probable identity of several existing species of the genus with the genus 
Mantrema owing to the presence of a cirrus sac 

It would, thus, appear that so farf only scattered contributions have 
been made in India on the Avian trematodes and no comprehensive and col> 
lective work has been attempted I have, therefore, endeavoured to present 
here the results of my investigations, tc^ether with sunmianes of descrip- 
tions of other forms given by earlier workers The latter is indicated by 
small type to differentiate it from new and original work 

COI,l,£CTION OF MATERIAI, 


A large number of birds were subjected to post-mortem examinations 
in normal salt solution during the years 1934-36, and the Trematodes 
recovered from them are enumerated in the following table : 


Looality 
of the 
hORt 

Name of liont 

No 

examined 

=1 

“’I 

Location ol 
paiaaitc 

Name of the trenintode 

Kalhaiir 

Camrca ruitla 
(iirahminy duck) 

B 

2 

Intestinal caeca 

Paramanostomum easar- 
eum Lal» 1936 

Lucktiow 

Taianu9 hy^Uneoa 
(Summer snipe) 

4 

1 

Cloaca 

Parorchts sntpM Lai, 
1936 


QaU%nago galltnuta 
(Jack snipe) 

3 

1 

Bursa Kabnou 

LevtMentella andaca Lai, 
1936 

»• 

Spatula elgpeaia 
(Shovelior duck) 

4 

1 

Intestine 

Typhl/ophU'M s&otwUus 
Lai, 1936 


Mareca penefope 
(The Wigeon) 

7 

4 

Intestinal oaDoa 


>* 

Totanu* fusGUs 
(Spotted red shank) 

9 

3 

Intestine 

jSftepkanoprora /usea 
n sp 


iJiorurus mocrscercttS 
(King orow) 

4 

1 


e e 

Lucknow and 
Sitapur 

Vpupa crops 
(The Hoopffi) 

9 

B 


• e 

Luoknow 

irdeola grayi 
(Faddy bird) 

9 

i 

0 

Intestine 

gcktnocMa»mu9 msgotalsf - 
lus a. sp 


t Since Hubmleeion of the theeii Mehta (1087) deeoribed L^odtrma bultufm 
L»pedmnaca$caron,ZepoiUTmafmTuainum. 'l^dyerUii (1087) deeoiibed Aj>harvn0OiM0«a 
ardtohna, A tniham, StrigM onentali and Ohattecji (1088) mentions 

PfoMogmtmue ep. end CedatnpU verrueon Fsade (1088) dseoilbas CntH pk h l a 
tkaUmdtt. The obaraoters of these epeoiea ate not eotniaarised here. 
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Ixxwliiy 
of tho 
huftt 

Name of host 

1 
0 S 

ft) 

0-1 
2 s 
*§ 

{vocation of 
parasite 

Name of the trematodo 

Lucknow 

ilrdea cinerea reeitroa 
tr%s 

(Common grey heron) 

6 

1 

Intestine 

Pkarffngosto/nvm bagulum 
n sp 

Ff 

Athene Bramn 
(Spotted owlet) 

4 

2 

Small intestine 

Neodipliostomu m dtlaece 
cum n sp 

1* 

Passer domeHteus 
(House sparrow) 

11 

0 



Bwrabonki and 
Sitapur 

KiUactnela mtlabanoa 
(Shama) 

1 

0 



Luoknow 

Mtlt'us fntgrans 
(Common kite) 

■ 

3 

Liver 

Optsiharehui thselxs n sp 

i» 

Sarfogyps ealeus 
(King vulture) 

0 

4 

II 

Opxsthorchis gMh\s n sp 





Intestine 

Vc-oolarta ihapana n g , 
n sp 

IP 

Aertdotheres truUs 
(The mynah) 


1 

Bursa fabnoii 

Prosihogontmus cuntaHus 

Amauu 

Qfierquedula ctreta 
(The garganey) 

D 

5 

Intestinal omca 

PatamonoHomum qutr 
qmdvlum 1036 





Small intestine 

Ech%nostoma chastna 
u sp 

Lucknow 

Halcyon smymensut 
(King fisher) 

0 

1 

Intestine 

Psxlorchis indxcus Thapar 
and 1a\, 1036 

f 1 

PsiUacula kramer% 
(Qreen parakeet) 

10 

0 



II 

Coracios benghalensis 
(The blue jay) 

6 

1 

Intestine 

NeadifdoHomum sp 

II 

Corvus spkndens 
(Common home crow) 

10 

2 

•» 

EehvwK^mus reniovorus 
n sp 

Lucknow and 
Sitapur 

Ctnnyns seylenicuA 
(Bun bird) 

6 

0 



Ajgain and 
Crnnkut 

NetUonereeea 
(Common Teal) 

5 

2 

Intestire 

Psdarehts A^gasnts ini, 
1036 




1 

Main blood vessels 
Kidney^ Lung, 
Laver, etc 

Chxnhuia tndtea Lsl, 
1037 

Kukrall, 

Lucknow 

Sterba wrantus 
(Common Hver tarn) 

8 

0 


• 

Lucknow 

BaUmws tfra earth 
numdeis \ 

(Cattle egret) 1 

1 

1 

Renal vf in 

OiganhbUharssa egreta 
Lai, 1087 

* 
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TaCHMZfiUB 

Most of the Trematode matenal collected was fixed under slight pressure 
of the coverglass in 90% alcohol Some forms were fixed in Bonin’s Bluid 
and Chrom-osmic for section-cutting In certain cases a special method of 
narcotising and killing the worms m 6% alcohol and gradual transfer to 
30% alcohol was found very useful. The worms, thus treated, were fixed 
in a well-stretched condition without pressure and displacement of organs 
or injury to parts This was speaally helpful in examimng the ventral 
glands of the family Notocotylidae The material was preserved in all cases 
in 70% alcohol or sometimes in 70% alcohol-glycenne The specimens for 
whole mounts were stained with Bhrlich’s acid hsematoxylin in a dilution 
of 1 20 of distilled water and differentiated in tap-water overmght This 

procedure gave a uniformly brilliant stain Paracarmine stain was also used 
Although it stained the structures rather deep, it gave good results in differ- 
entiating some of the deep-seated structures Cleanng was done in Clove 
oil or Xylol In certain cases sections, both transverse and longitudinal, 
were cut, and for this double embedding Celloidin-ParajQln method was used 
The sections were stained with hasmatoxylin (Delafield's) and Eosin 

A special glycenne-akohol method of cleanng was found useful m 
certain cases, specially in the Echinostomidse The unstained material was 
kept in 70% alcohol-glycenne m proportion of 3 1 and left for about half an 
hour Later it was transferred to 90% alcohol-glycenne in proportion of 
4 1 and left overnight The alcohol gradually evaporates leaving speci- 
mens in pure glycerine which also thoroughly penetrates into the specimens 
The spines, reproductive organs, gemtal pore, etc , were easily seen by 
this method 

Ci^asmcATioN 

(a) Characters of Systematic Importance 

The author has already publi^ed a separate paper on this aspect of 
the subject and has fully discussed the value of different characters in the 
classification of Aviau Trematodes {vide these Proceedings, 1937, 6 , No S, 
Sec B, 33-44) 

The systematic account of the various families given in the following 
pages IS on the lines of the views expressed in the above published paper. 

[b) Systematic Description of the Families 
Family Notoeotyhda Ifihe, 1809 

The family Notocotyhdse was formed by Lfihe(1908) to contain mrigiu- 
ally only three genera Netoe<dylMs, Catairopis and Paeamonostomitm). 
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l^ater on several workers added to this list with the result that the family 
was split up into three subfamilies, Notocotylinse, Nudacotyliiue and Ogmo- 
gasterinse 

The writer in the course of his investigations on the family observed 
certain peculiar features, described later, which necessitates the modifica- 
tion of the existing diagnosis of the family The emended diagnosis is as 
follows ' — 

Dtagnosts of the family Notocotyhda I^uhe, 1909, emended — 

Trematodes with fiat body, without a head-collar Skin smooth or 
thickly covered with fine spines in the antenor part of the body and whole 
of the ventral surface Ventral paptUec very rarely present The ventral 
surface provided in most cases with regular rows of unicellular glands 
Oral sucker simple Ventral sucker absent Pharynx not present Oeso- 
phagus short Intestinal caeca simple and end blindly. Excretory pore 
slightly dorsal Excretory bladder with a short unpaired median stem and 
a pair of long limbs which branch and anastomose dorsal to the oesophagus 
Testes symmetrical at the posterior end, lateral to the intestinal cseca 
Cirrus sac very long Vestcula semtnahs lying external or partly internal and 
partly external Ovary lies between the testes Shell-gland in front of 
ovary Receptaculum semims absent Eaurer's canal present Uterus 
runs in fairly regular transverse loops between the intestinal caeca and in 
front of the ovary Vitcllana well-developed and lie in front of the testes, 
mostly extra-caecal Genital pore pre-equatortal and median, behind the 
intestinal bifurcation or in front of it, sometimes far forward at the side of the 
oral sucker or post -equatorial and lateral Eggs with long thread-hke filaments 
at both ends Parasitic m aquatic Birds and Mammals 

Of the three subfamilies, Notocotylinae, Nudacotylinee and Ogmo- 
gasterinae, only Notocotylinte is recorded from avian hosts in India 

Dtagonsis of the subfamily Notocotylinat, Kossack, 1911, emended — 

Notocotylidae, generally with 3-6 rows of ventral glands on the ventral 
surface, sometimes absent Vesicula seminahs lying external or partly 
internal and partly external Gemtal pore almost median, pre-equatonal, 
or in front of the intestinal fork Vitellana well-developed in the 
postenor half of the body and lateral to intestinal caeca Testes at the 
extreme end of the body, symmetrical Ovary intertesticular, separated 
from testes by intestinal crura Uterme coils mtercsecal 

Type genus — JVoteeofylus Seas Str. 

BS 


r 
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The author has already madet elaborate studies ou the various genera 
of the subfamily Notocotyhns and as a result of his investigations the 
follovnng genera have been recognized under the subfamily t 

Genus Notocotylus Sens Str (I^al, 1935) 

,, Htndta Lai, 1935 

,, Navtformta Lai, 1935 

,, Paramonoitomum Sens Str (Lai, 1936) 

,, Neoparamonostomum Lai, 1936 
„ Caiatropts Odhner, 1905 
Genus Notocotylus Sens Str (Lai, 1935) 

Monostomes with two to five rows of protrustble ventral glands , pharynx 
absent , testes extra-ciecal and posterior , ovary in between testes , shell- 
glands pre-ovarial , uterine loops confined to the inter-caM:al region behind 
the cirrus sac , receptaculum seminis absent , part of the vesicula senunahs 
enclosed within cirrus sac , cirrus sac never extending beyond half of body 
length , vagina about i to as long as cirrus sac , genital pore situated behind the 
intestinal bifurcation , vitelline glands extend upto the middle of the body , eggs 
018- 022 mm long with filaments at either end 

Type species — Notocotylus attenuatus 

Notocotylus indtcus Lai, 1935 

Monostome measuring 2 18 mm x 63 mm Three rows of protrusible 
ventral glands, 17, 16, 17 Oral sucker subterminal Timm x 13mm 
Oesophagus 075 mm long Intestinal caeca terminate at a distance of 
2 mm on the right and 19 mm on the left side from the posterior end 
Right testis 36 mm long, left testis 38 mm long Cirrus sac *58 mm 
long Ovary 18 mm x 16 mm Eggs small and numerous with thin shell 
and a filament at each end, measuring 018 mm x Oil mm without 
filaments 

Host — Mareca penelope (Intestinal cseca) 

Locality — Lucknow 

Genus Htndta Lai, 1935 

Monostomes with three rows of protrustble ventral glands , pharynx 
absent , testes extra-csecal and posterior , ovary in between testes , shell- 
glands pre-ovarial , uterine loops lie in the inter-cacal region behind the 

t Vtd« JProe. Ind Aead. Set., 19S6, a. No S. 410-28 sad 467-66. AIn 1036. 8, 
No. 1, 26-84 
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cirrus sac , receptaculum semmis absent , part of the vesicula semmalis 
enclosed within the cirrus sac , ctffus sac extending about /o 1 body len^h ; 
vagina never more than | of the cirrus sac , genital pore at the intestinal fork , 
vitelline glands extend ito^ of the body length from the posterior end , eggs 
014»*0209 mm long » with hlaments at either end 

Type species — Hindia gibbus 

H India lucknowensis I^al, 1935 

Monostome measuring 2 63 mm x 74 mm Ventral glands 16, 16, 16 
Oral sucker subterminal 15 mm in diameter Oesophagus 13 mm long 
Intestinal cccca terminate at a distance of 2 mm on the right and 15 mm 
on the left side from the posterior end Right testis 35 mm x 175 mm 
I«eft testis 375 mm x 2 mm Cirrus sac 825 mni long Cirrus about 
^ 3 mni long , armed with several rows of spine Ovary ]75 mm x 15 mm 
Eggs with thin shell and a filament at each end , measuring 02 mm x 
01 mm excluding filaments 

Host ^Mareca penelope (Intestinal caeca) 

Locality — I^ucknow 

Hindia hahai (Bhalerao, 1935) Lai, 1935 
(Syn Notocotylus babat Bhalerao, 1935) 

Body small, elongate, ollipticle, inoQRunnK 3 83 mm in length and 03 in maximum 
breadth a little behind antenor end Tuticlt covered with minute Rpmes Three rowa 
of uniform and everslble ventral glands present , lateral ones with 17 glands each, and 
middle one with 1 5 glands Oral surker is sub-tei minal and measuri*B 2mm X * 10 mm 
Oesophagus measures 12 mm m length The intestinal cceoa end at a distance of 
•266 mm from posterior end Testes, elongate, deeply lubed, symmetrical , cxtraciocal 
and measure 636 — 645 mm x 24 — 2mm Cirrus sat, elongated, club shaped 
and measui'es 1 09 mm« Genital pore median, ventral to intestinal bifurcation. 
Vesicula sominalis present inside the cirrus sac Pars prostatica wide and elongated, 
measures *436 mro« narrow muscular, eversiblo cimis measures 576 mm Ovary 
deeply lobed, median, in between two testes It measures 3 x *31 mm Shell-gland, 
pre-ovaiial and measures 236 mm x 165 mm Oviduct enlarges Into uterus which 
passes anteriorly in 18 transverse loops which ore mostly inierciDcal Vagina measures 
•66 mm Lauror's canal present Receptaculum seminis absent Vitcllaria follicular, 
extra.-c«ecal, a portion interciocal They extend between anterior border of testes to 
anterior 3/6 of the body Yolk reservoir dorsal to shell-gland. Eggs meMure 
•014— *017 mm x-008— 011 mm with long filaments at either pole. A short 
excretory bladder Excretory pore dorsal and median near the posterior end 

Host — Milvus mgrans govtnda (Csectttn) 

Locality ^ Rangoon 

Remarks — The form is transferred to the genus Htndta because of the 
pothion of its genital pore and other characters 
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Genus Navt/ormta 1^1, 1936 

Monostomes with three rows 'of protrustble ventral gUmis , pharynx 
absent , testes extra-ceecal and posterior , ovary in between the testes ; 
shell-glands pre-ovanal , uterine coils lie in the inter-csecal region behind 
the cirrus sac , receptaculum seminis absent , part of the vesicula senunalis 
IS enclosed within the cirrus sac , ctrrus sac extending about i of the body 
length , vagtna | of the cirrus sac , genital pore in front of the intestinal fork , 
vitelline glands behind mid-body , eggs 0178 mm x •0208 mm long, with 
filaments at either end 

Type species — Naviformia navtformes 
No species recorded from birds from India 

Genus Paramonostomum Sens Str (I,al, 1936) 

Monostomes without ventral glands and a pharynx , intestinal caeca run 
almost upto the posterior end of the animal , testes may or may not be 
lobcd, extra-csecal m the posterior part of the body , part of the vesicula 
senunalis enclosed within the cirrus sac , ovary in between the testes , ^ell- 
glands pre-ovanal , uterine loops mostly confined to the inter-caecal region 
behind the cirrus sac , receptaculum seminis absent , genital pore always 
opens in front of the intestinal fork and behind the oral sucker , vitelline glands 
never end behind the mid-body from the posterior end , eg^ with filaments at 
either end 

Paramonostomum querquedulum I/al, 1936 

Monostome measures 3 398 mm x 1 11 mm Oral sucker 17 mm x 

• Timm Oesophagus 165mm long. Right testis 66mm x 24mm 
Iveft testis >74 mm x 235 mm Cirrus sac 93 mm long Ovary 265 mm. 
X 22 mm Eggs with thin shell and a filament at each end , measuring 

• 02 mm X 009 mm without filaments 

Host — Querquedula circta (Intestinal cseca). 

Locality — Amausi 

Paramonostomum easarcum Eal, 1936 

Monostome measures 3 8 mm x 95 mm Oral sucker • 14 mm x 

• 1 mm Oesophagus 14 mm. long. Right testis 8 mm. x 15 mm I<efi 
testis 76 mm x •176 mm Cirrus sac 91mm long Ovary <38 mm x 

22 mm Eggs thin-shelled and provided with a filament at each pole ; 
measunng 015 mm x >01 mm without filaments 
Host — Casarca rutila (Intestinal oeeca) 

Locahty. — Malhaur, Eucknow. 
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Genus Neoparamonostomum 1^1, 1936 

Monosfomes without ventral glands and pharynx; intestinal caeca run 
almost npto the posterior end of the ammal , testes extra-caecal and posterior 
and generally lobed , part of the vesicula seminalis enclosed within the 
cirrus sac , ovary in between the testes , shell glands pre-ovanal , uterine 
loops mostly confined behind the cirrus sac , receptaculum semims absent ; 
receptaculvm semtnts utennum may be presmt , genttal pore always opens 
behind tnteshnal fork , vUelhne glands end behind mtd-body from the posterior 
end , eggs with filaments at either end 

Type species— Neoparamonostomum tonome 

(Syn Paramonostomum tonorne Travassos) 
Neoparamonostomum mtcrostomum (Moghe 1932) I^al, 1935 
(Syn Paramonostomum microstomum Moghe, 1932) 

Body elongated, \ nim — I *024 mm long Maximum width *875 mm— 40d mm* 
anterior to teetes Oial sucker, small, terminal, 0(58 mm m diameter Ventral 
sucker absent Very short oosophagua , pharynx and prepharynx absent IntesUnal 
cffica extend up to 06 mtn from posterior end Testes, extra-ciecal at the posterior 
end of animal, elongated, and lobed, 18— 15 mm long Cirrus sao In anterior 
half of body, between the intestinal ca^ca, 4 1 8 mm long It contains vesicula seminalis 
straight and narrow, and opens at genital pore, immediately bi low the intestinal bifuiv 
cation Ovary lies in the median line between the testes, interceecal, shell-gland posterioi* 
to ovary Uterus with 13-15 loops on either side Vagina as long as cirrus sac 
Uterus extends along more than 1 of the body Vitellaria extend from anterior end of 
testes to about middle of the uterus region Kggs provided with long polar filaments 
and measure 051 mm long. 

Host — Philomachus pugnax (Small lutestine). 

Locality — Nagpur 

Remarks —It ib rather peculiar that the shell-gland has been described 
by Moghe posterior to the ovary, a condition which is umque m the family 
Notocotyhdse This apparently appears to be a case of misrepresentation 
of structures as has been pointed out by some other authors also But in 
case the post-ovanal position of shell-gland is confirmed in other i^iecimens, 
it would not only affect our concept of the family NotocotylicUe but would 
also place it still nearer the family Pronocephalidae 

Genus Catatropts Odhner, 1905 

Monostomes wtth three rows of weakly deodopei non-protfusible ventnU 
glmtds , the middle row of ventral glands may be fdaced on a median keel or a 
ridge; pharynx absent, testes extra-csecal and posterior, ovary inter- 
testiettlar ; shell-gland pre-ovarial , vesicnla s em i n a lis is divisible into an 
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external and an internal portion , receptaculum seminis absent, vagttta ts very 
much developed, about as long as ctrrus sac , genital pore situated behind the 
intestimU fork , eggs with filaments at either pole 

Type species — Catatropis verrucosa 

Catatropis orientalis Harshe, 1932 

Remarks — Harshe while describing this new species does not mention 
anything about the nature of the ventral glands present, whether they are 
protrusible or non-protrusible The question of protnisibility or non- 
protrusibility is a vital one, as it is the most important difference by which 
Catatropis is distinguished from Notocotylus, Hindus and Namformia This 
species, therefore, should in the opinion of the wnter, be kept as a species 
inquirendum till more light is throan by a reinvestigation of the form and 
hence the characters of Catatropis onewMis, sp inq are not summarised 
here 


Catatropis indicus Snvastava, 1935 

Worms light brown in colour, 4 >6 mm long and 1 >2 mm broad. Dorsal surface 
convex, ventral smface concave with 8 longitudinal rows of non-protruaible unicellular 
glands — glands in median row contiguous, those in lateral rows distinct and 10-12 in 
number in each row Excretroy system similar to that seen in Catatropie, Oral sucker 
14 - *2 mm in diameter , oesophagus *2- *20 mm long , pharynx absent IVistes 
deeply lobed, 75- 90 mm X 2- 3 mm , extracsscal , veslcula seminalis enormous, 
outside the ciitus sac Cirrus sac flask-shaited, 87-1 <2 mm long and *17- *2 mm. 
broad containing cone-shaped pars prostatica, 36 mm X 00 mm surrounded by 
prostate cells Cenital pore close behind oral sucker Ovary lobed, *20- 36 mm. 
size, interctecal, in level with testes and posterior to shell-gland Laurer's canal 
present Receptaculum seminis absent Vitellaria, irregular follicles Receptaculum 
seminis uterinum present Uterus in transverse coils Metraterm muscular as long 
as cirrus sac Eggs thin shelled, with long polar filaments OPhey measure -017- 02 
mm X 008- -01 mm without filaments 

Host — Gallus hankiva murght (Rectal caeca). 

Remarks — This form is remarkable in having the genital pore far 
forwards at the posterior margin of the orad sucker This position of the 
geutial pore appears to be unique for the genus The vesicula seminalis 
also IS wholly external in Catatropis indicus The importance of this 
character was emphasized by Chatterji (1933) who created a new genus 
Canada in the subfamily Lepodermatinee on the presence of an external 
vesicula seminalis, besides the usual internal vesicula seminalis Owing 
to the unique position of the genital pore, the absence of a median ndge or 
keel for bearing ventral glands and lastly in the absence of an internal 
vesicula seminalis the writer feels inclined to remove this species from the 
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genus Catatropis Probably a re-study of more material of this form will 
necessitate the creation of a new genus for this species 

Remarks on the futntly Notocotyltda —In the preceding pages and 
also earlier in the pages of these Proceedings* the writer has g;iven an 
account of the subfamily Notocotylinse The sub-families Nudacotylinae 
and Ogmogastennse possess such distinctive characters when compared 
with Notocotylinie that there could be no doubt for their retention as 
distinct subfamilies Yamaguti (1933) descnbed a new genus Cymbtforma 
from the intestine of a mammal, Stka ntppon and created the subfamily 
Cymbiformime for its reception The genus shows affinities with the 
members of the subfamily Nudacotylina: but differs in the relative position 
of the cirrus sac and uterine coils Yamaguti also mentions, that Barker 
(1915), in describing the subfamily Nudacotyhiuc, covered variations in 
these characters as well It would, thus, appear that the difference in the 
relative position of uterine coils and cirrus sac should not form a sufficient 
basis for the etection of a new subfamily Cymbiforminee The question of a 
mammalian host lodging this form may nse a little doubt but as already 
discussed earlier in the Host-parasitc relationship {vide these Proceedings, 
1937, 6, No 2, Sec B, 33-44) this point may be negligible The sub- 
family Cymbiformmse may, therefore, be dropped and be regarded as a 
synonym of the subfamily Nudacotylinee, and the genus Cymbiforma thus 
comes under the subfamily Nudacotylinae 

Family Cyclocoeltda Kossack, 1911 

Stossich (1902) created a subfamily Cyclocoehtue for the reception 
four genera, Cyclocaelum, Heenutiotrephus, Ophthalmophagus and lyphlocoelnm 
Eossack (1911) raised it to the status of a family, Cyclocoelidae and added to 
It two genera, Hyptiasmus and Spaniometra He also included the genus 
Botknogaster under this family Harrah (1922), while revising the mono- 
stomes of North America, divided the family into three subfamilies — 

(1) Cyclocoelinse with Cyclocaelum, Hamatotrepkus and Hyptiasmus 

(2) Typhlocoslinse with Typhloccelum and Iracheophtlus 

(3) Ophthalmophagmse with Ophthalmophagus, BothriogOster and 

Spaniometra 

Witenberg (1926) fused the subfamilies Ophthalmophaginse and Cydo- 
cosluue, leavmg only two subfamilies, Cyclocoelitue and TyphlocosUnse. The 


• Vide mu, a, No. 5 ( and 1936, 8, No. 1. 
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main point on which Witenbcrg maintained only two subfamilies is the 
absence or presence of ceecal diverticula. 

Family dti^nosts — Trematodes, large to medium suse with strong 
muscular flat body , small ventral sucker sometimes present Month 
terminal or subterminal, oral sucker rudimentary , mostly absent. 
Pharynx non-muscular Intestinal caeca ]oin each other at the postenor 
end They are either simple or provided with lateral diverticula on their 
inner margin Excretory pore dorsal and short, situated at the postesii^ 
end Genital pore median, not very much behind the mouth opetaistg'. 
Copulatory organ present but feebly develiqied Seminal vesicle lies inside 
the cirrus sac, Vitellaria, lateral, between body-wall and intestine, some- 
times run continuously along the intestine and meet at the posterior end. 
Gonads intercsecal Testes two, simple or pressed, and he near each other 
Ovary, always entire and spherical Laurer's canal and receptaculum 
seminis exceptionally present Uterus very strongly developed with regular 
peculiarly pointed loops and extends from the postenor end up to the 
intestinal bifurcation Eggs numerous, without polar filaments and produc- 
ing miracidia with two eyespots while still inside the uterus Generally 
parasitic in the body cavity, air-sacs and nasal opemng of aquatic birds. 
Exceptionally present in the intestinal canal 

Type genus — Cycloccelum 

The family is divided into two subfamihes — 

(1) CyclocceUnee — without lateral intestinal diverticula 

(2) Typhloc(Bhnse>-with lateral intestinal diverticula 

The Avian Trematodes reported from India under the subfamily Cyclo- 
coelinee belong to the following genera . — 

1 Hamatotrephus. 

2 Cycloccelum. 

Key for the identification of the Indian genera ci the subfamily Cyclo- 
coelinee . 

Ovary in front of both thetestes which are not separated by uterine 
coils — Hamatotrephus. 

Ovary in between two testes whidi are always separated tqr uterine 
coils— Cyclocadttm. 
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Genas Hamaiotrephus Stossich, 1902 

Only one species has been reported from avian host in India 
Hamatotrephus nebulanum (Khan, 1936) 

(Syn Cyclocodum nebulartum Khan, 1936) 

Trematodas with madium size, 10-13 mm lonfir and mm bzt>ad Pharynx 

well-developed. Oeeophagua H-aliaped or straight Intestinal riDca devoid of lateral 
diverticula and Tricet posieriorly m an arc 2H5 mm in front of the (Kistenor end 
Kxeretory bladder between the intestinal arc and fKistenor end of the body, with 
dorsally placed excretory pore The two roun 1 1 st'^s ly.ng obhciuely beiund the ovary 
measure 0 7-1 mm in diameter and are not separated by uterine mils Pimis sac 
tubular, dilated posteriorly, extending from the genital poi'e to the anterior end of the 
intestinal bifurcation Ovary rounded, smaller than test s. and TnoaRureu 81— 41 mm. 
in diameter. l.aurer's canal absent Uterus in transvore lno|)s with large tliick-shelled 
eggs Vitellana, cKiuilaed to tlie extreme edges of the body \ small yolk reservoir 
is present Kgga, without operculum showing imracldia with characteristic double 
eypspot, and measuring 12 tnni X 087 tnm in size 

Host — Glottis nebulana (Abdominal air-sacs) 

Locality, — Allahabad 

Remarks — Khan who included this speaes under the genus Cycloccelum 
has desenbed a small structure lying inside the ovary which he calls a 
receptaculum semims This position of receptaculum semims is rather 
peculiar It is further interesting to note that Khan does not find any 
sperms in it and he mentions that Monshita (1924) had termed a sitmlar 
struc'ture as ootype The present writer considers that the structure is 
possibly not of the nature of receptaculum semims which evidently is absent 
in this form Owing to the pretesticular position of the ovary, the species 
is removed to the genus Hamatotrephus 

Genus Cycloccelum Brandes, 1892 

Nine species of this genus have so far been recorded from Avian hosts 
in India Out of these one Cycloccelum tiebulanum has ]ust been allocated 
to the genus Hamatotrephus Of the remaimng eight, seven have been 
desaibed to possess a receptaculum semims which is absent lu the genus 
Cydocaium 

Cycloccelum erytkropis Khan, 1936 

' 7 >6-17 znm Maximum breadth l<7-2 3 mm Oral aaokar <ee^ 

• 15 Bun X •! mm. Pharjntx 'IS- 26 mm. m diametor Oaaophagoa moM or iM 
•tnight. Inteatiaal aM > IS mm. in bunt of the poeteiior end Excretory blndftf • 
»12— *16 mm by •19—84 mm in aiw Exeretroy pore median, donmliy ettoatod 
end Chmada in poaterior fifth of the body Teatea apherleal , anterior ijaaUs 
■Binratad by four or five uterine ooHa from poatedm taatia. Veals tfn lwBlnalla stilii^t 



128 


Makund Behan Lai 


and inside the cirrus sac aonital pore, ventral, Just behind the pharynx. Cinua aac 
club-ahaped, roachlnff middle of intsatinal bifurcation Ovary very amall *19 -*20 nun. 
in diameter , ehell^glatid luaHs aphorioal , uterus runs forward in closely situated ooUs i 
metratoim short, \itcllaiia laterally pressed agamst body-wall I^un-shelled ofva* 

Host — Tnnga erythropus 

Locahty — Allahabad 

Remarks — This species definitely conforms to the characters of the 
genus Cycloccelum It does not possess a rcceptaculum semihis and differs 
in this important feature from the other species which have been descnbad 
to possess a receptaculum senunis 

Cycloccelum sharadt Bhalerao, 1935 

Ti«matodes with body tapinng towards both ends , medium size, measuring 
10 5--] I mnt In length and 4-4 5 mm in maximum breadth Oral sucker, muscular 
measuring 41 mm > 32 mm Prepharyna short Pliarynx well developed, 

muscular, and nieasuivs 125 nim x S8 mm Oesophagus short Excretory bladder, 
simple, Hat sac, excretory pore oixma dorsally by a short duct Nerve ganglia on either 
side of the pliarynx, a dorsal nerve-banil Joins them Oenital glands in posterior fourth 
of the body Testes separateil b> uteime coils I^osteiior testis in contact with intestinal 
arc and measures 2 15 mm x 1 H2 mm, Antenor testis measures 2 07 mm, x 1 *7 mm. 
and is in contact with left intestinal ceecum Cutus sac small with ciirus in the form of 
horizontal H Vosicnila seminahs large, fills up the cirrus sac Pars prostatica non- 
oellulor , prostate glands present Male opening in the genital atnum Genital atnum 
large and situated postenor to the pliarynx, gemtal pore slightly behind pharynx 
Ovary, betwein two testes, oval, measures *5 mm x 43 mm Shell-gland, larger 
than ovary on the left of the latter Heceptaculum semims, oval, on the left of ovary 
between it and testis It measures 30 mm x *275 mm Vitellaria between caeca 
and margin of bo<ly, extending upto hinder border of pharynx Laurer's canal absent 
Uterine roils in postenoi Jrd, intercsEical, metraterm strongly muscular, surrounded with 
gland-cells Ixmg and elliptical eggs 123- 14 min x 06- 081 mm 

Host — Uroctssa favtrostns cucuUata (Thoracic cavity) 

Locality — Muktesar 

Cycloccelum allahabadi Khan, 1936 

Size 17 mm X 2 5-3 mm Oral sucker flat Pharynx 28 mm in diameter 
Oesophagus H-shaped Testes separated from each other by uterine colls , Genital pore 
at posterior end of pharynx Cirrus sac club-shaped, extending upto middle of 
intest inid bifurcation Ovary, 3- *^5 mm x *2- *25 mm m siae Itecepta- 
oulum seminls inside the ovary and w^U developed Heceptaculum seminls uterinum 
absent HhoU-gland poeterior and left to ovary. Uterus fills up the body between* 
posteilor testis and intestinal bifurcation. Vitellaria, extending over c»ca at places 
and reaching uterine coils Ova tliin-shelled and operculate, 119 mm. x 08 

Host, — Tftnga erythropus (Thoracic air*sac) 

Locahty —Allahabad 
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Cyclocalum capellutn Khan, 1935 

Body 17*25 mm X 3*5*i«0 mm Oral isuckor rudimentary Pharynx *275 mm 
diameter. Oesophagus H-shaped or straight Excretory pore dorsal and termlnaJI. 
Testes separated from each other by nterme coils . anterior testis to tlio right side and 
*8 mm X •O* 8 mm in sise , posterior, median, much-lobedt 1 1 mm x 7- *88 mm, 
in Rise Genital pore at postenor margin of pharynx Cirrus sac flask-shaped and 
hardly reaching intestinal bifurcation Ovary to the left side 37- 55 mm x 
37-6 mm Shell-gland bildnd ovaiy KeceptaruUmi se riant s pear-uliaped on the 
inner side of the ovary Ucccptaculum seimnis utennuni fHli d with sperms Uterus 
throvin into double loops, never overlapping emea Viiellana, ni'egultir in extension 
on two aides , yolk resiTVou pieseut, 1 5 mm long Ova with fully developed mimcidia, 
*13 mm X *008 mm 

Host — Capella galhnago (Cervical air-sacs) 

Locality — ^Allahabad 

Cycloccelum siratghium Khan, 1935 

Body long, 25 mm x 1 3 niin in size , oral sucker feebly developed, vential sucker 
absent Pharynx 344 mm X 425 mni Oesophagus S-s)iaped or straight Excre- 
tory pore dorsal and terminal Testes scpaiatt^d from each other by uterine coils, 
antenor to the right side and 1 05 mm x 08 mm , posterior mesial, 1 25 mm* x 
90 mm Cirrus sac nearly flask-shaped i caching to 15 mm in front of intestinal 
bifurcation Pars prostatica, prostate glands and ciirus not obser^ ed Ovary, median, 
46 mm X 41 mm m size Hhell-gland to left of ovary , receptaeulum seininis imme- 
diately behind ovary, liaurer's canal absent Heceptaculum semims uteilnum largo, 
filled with sperms Uterus fllUng up the space upto intestinal bifurcation Vitellaiia 
fzH>m middle of intestinal bifui cation to excretory bladder A small yolk reservoir 
present Ova, thick-shelled, uon-operculate, with fully developed miracidia, 133 nun 
X •068 mm 

Host — Glottis nebularia (Abdommal air-sac) 

Locality — Phulpur, Allahabad 

Cycloccslum tndteum Khan, 1935 

licngth 20-27 mm Breodth 4*4 6 mm Budlmentary oral sucker Pliarynx 
•28 mm* in diameter Oesophagus straight Excretory pore dorsal at hinder end. 
Testes separated from each other by uiorlne colls , antenor, to the left and 85 mm. in 
diameter , posterior, in the intestinal arc 85- 93 mm. in diameter Cirrus sac 
etub-shaped Oemtal pore behind pharynx, median Ovary *5- 6 mm in diameter , 
shoU-gietod near right wall of ova^ . receptaeulum seminis elongated inside the ovary 
Keeepiaculum sommis uterinum present Uterus with widely separated loops, extending 
over ceoa and reaching body wall Vitelloria irregular in extension on the two sides 
Ova, thln<«helied with fully developed miracidia, measure 0«12 mm x 068 mm, 

Host — Glottis nebularia (Body cavity) 

Locality — ^Allahabad 
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Cyclocalum mehnt Khan, 1936 

Loniirth mm , breadth 3 *4-5 mm* Oral suokar vary rudimeatary. Pharynx 
miMciilar 0 27 mm In diameter. OoMiphagua S-shaped Excretory pore poatencior 
and dorso-medtan Tesioe separated from each other by uterine colls ; anterior, lateral, 
and *85 mm x0*7-lmm ; posterior m intestinal arc, *8-1 Bmm in diameter* 
Cirrus sat retort-shaped, extending behind anterior wall of intestinal bifurcation. 
Genital pore, ventral to middle of pharynx Ovary 4-*0 mm in diameter ; shell 
gland close behind ovary , receptaculum saminis, small pear-shaped inside the ovary 
Heceptaculum sominis utennum large Uterus, with well-separated loops, overlapping 

at varlons plot es Viitdiana, dense, extending from middle of intestinal bifurca- 
tion to exrwtory bladder Yolk leacrvotr small Ova, thm-shclled, with fully 
deve1op(»d miraoldia, *12 mm v •088 mm 

Host — Capella galltnago galltnago 

Locality — i 

Cyclocoelum lobatum Khan, 1936 

liength 13 mm , brnodth 2 4 mrn Oral auck«r not virible in whole mount 
Pharynx muacuiai, 27 mm in diamoter Oraophagua straight Rxcretory pors 
median and dorso-tuniiinal Testes separated from each other by uterine ooils , anterior 
testis, lateial and equal in sise to the posteriors posterior median, *(4- 76mm X 
65- <7 mm flemtal pore at middle of pharynx Cirrus sac more or less flodc* 
shaped with tubular anterior end and sac-like postenur port reaching Just behind aatenor 
end of intestinal bifurcation Ovary, >4- 6 mm x 36- >56 mm Bhdl-glaad 
present. Bocoptaculum seminls inside the ovary Bereptoculum seimniB uterinum 
absent Uterus between {Mstenor end of shell-gland and intestinal tnforeotion 
VitcUana from posterior end of oirrus sac to excretory bladder Ova, thin-shelled and 
non-operoulate, with fully developed mlraudio, >119 mm x 068 mm. 

Host — Glottis nebtdarta (Thoracic cavity) 

Locality — Allahabad 

Remarks on the genus Cydoccelum — The speaes Cycloccehm sharadt, 
Cyclocoelum aUhabadt, Cycloccelum siratghtum, Cyctoccdim capdlum, Cydo- 
cmltm indtctm, Cycloccelum mehnt and Cycloccelum lobatum have been 
described to possess a receptaculum senutus This structure is not present 
in the type species of the genus Cycloccelum In view of the opinion already 
expressed (Lai, 1937) on the systematic value of this character it may be 
considered desirable to exclude all these species which possess a recepta- 
culum semmis from the genus Cycloccdum It is suggested that a new 
genus Receptocaelum, characterised by the presence of receptaculum seminis, 
may be created for their reception 

Subfamily Typhlocceltna Harrah, 1^2 

Under the subfamily Typhlocoelinc, the author discovered a genus 
Typhlophilus Lai, 1986. full details of whidi have already been published 
m a previous number of these Proceedings {vide 1938, 4, No. 1, Sec. B). 



Studus in Helmnihotogy 131 

Genus TyphlophUm Ifil, 1936 

Distome, with a fiat nbbon-like body, and with an extremely feeble 
funnel-shaped oral sucker and a small muscular ventral sucker Curved 
prepharynx, globular pharynx and extremely small oesophagus Intestinal 
casca, provided with about 10 diverticula on the inner margin, meet in the 
middle postenorly to form the Intestinal Bow Excretory bladder crescent- 
shaped, excretory pore dorsal and sub-terminal Testes, two, in grape-like 
bunches separated from each other by the first coil of the uteruh The 
anterior testis lies on the left and near intestinal caecum, the posterior 
fills the arch near the Intestinal Bow Ovary oval, on the right side at the 
level of the left testis Ootype, shell-gland and a small receptaculum 
seminis present between the ovary and the posterior testis Genital jHire 
situated ventral to the intestinal bifurcation, immediately behind the 
pharynx Eggs small, thm-shelled, without filaments 

Type species — Typhlophtlus shovellus 

Typhlophtlus shovellus I,al, 1936 

Ribbon-like and grey coloured trematode , 3 6 mm long and 1 15 mm 
broad Oral sucker extremely feeble, 19 mm x 195 mm Ventral 
sucker circular and muscular, about the middle of the body, • 125 mm in 
diameter Prepharynx 2 mm long, Pharynx thick- walled, 19 mm x 

21 mm Oesophagus extremely small Intestinal caeca provided with 
10 diverticula on their inner margin and join postenorly Excretory 
bladder 35 nun long Anterior testis 125 mm x 06 mm Postenor 
testis 16 mm x 07 mm Cirrus sac 26 mm long Ovary at the level 
of the left testis, '066 mm x 07 mm Uterus full of small eggs, eggs 
measure -02 mm x *01 mm with thin shell and not provided with any 
polar filament 

Host -^Spatula dypeata (Small intestine) 

Locality ^Eucknow 

Hmarks on the family Cydocaeltda —The retention of the two sub- 
famihes Cyclocmlinae and Typhlocmlinae by Witenbcrg (1926) on the basis of 
caecal diverticula was questioned by Joyeux and* Baer (1927) who regard 
the cBcal diverticula of only generic importance in the same way as the 
relative position of gonads The wnter (Eal, 1936) has previously shown 
that the various genera of Cyclocoelidse can be arranged under two distinct 
gfOMps on the Wis of csecal diverticula Both groups have forms which 
show variations in the relative position of the gonads, the nsture of utenne 
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coils and the position of genital pore, and thus the presence or absence of 
cffical diverticula seem to form the natural subdivisions of the family 
Cameron (1934) and other earlier workers have considered this character in 
the division of the family Fasciolidse into two subfamilies, Fasciolinse and 
Fasciolopsinae It is, therefore, desirable to retain here Witenberg’s sub- 
divisions into Cyclocoelime and Typhlocoelinse 

The subfamily Typhlocoehna; has three distinct genera but, as men- 
tioned by Witenberg (1926), the subfamily Cycloccelitue has got a vast 
assemblage of forms Joyeux and Baer (1927) have been rather conser- 
vative and do not consider the various genera of Witenberg as valid They 
suggest the fusion of all the genera of the subfamily Cyclococlinae into two 
forms, VIZ , Cycloccelum and Spamomelra which they distinguish by the 
relative position of the ovary and testes The genus Cycloccelum, according 
to Joyeux and Baer, contains all those forms which have their ovary either 
pro- testicular or intertesticular Although Witenberg's classification of 
the family into genera is not free from defects the writer does not agree 
with Joyeux and Baer in their contention As already stated the relative 
position of the gonads has been greatly emphasised in several cases and 
should here be regarded as a character of at least generic importance The 
position of the uterine coils is another character of sufficient importance 
and combined with the relative position of the ovary ments consideration 
in establishing the genera of the subfamily Cyclocoelinee Therefore, the 
members of the subfamily Cyclocoelinse can be grouped into four distinct 
divisions, as follows — 

1 Ovary in front of the two testes, not separated by uterine coils, 

e g , Htematolrepkus 

Other forms are Wardmnum, Hamatopnmum, Corpopyrum and 
UvtleUtna 

2 Ovary in between the two testes separated by utenne coils, e g., 

Cycloccelum 

Other forms are Cychpnmum, Harrahtum, Prohypltasmus, Hypltas- 
mus, Allopyge and Transcoelum 

3 Ovary behind both the testes, not separated by utenne coils, e g , 

Contracalum 

4 Ovary behind both the testes which are separated by utenne coils, 

f S I Ophthalmophagus The genus Spantomelra also comes under 
this 
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Bach division is represented by a well-established genus and the other 
previottsly known genera put under each group may be regarded as mete 
synonyms Now, there remain only two genera, vtz , Bothnogaster* and 
Mortsh%t%um which have not been accounted for here Both of these possess 
ventral sucker and it would be better to keep them as distinct genera till 
more information is available about them 

Dtagnosts of the genus Hamatotrephus Stossich, 1902, emendei — 

(Syn Wardtanum Witenberg, 1926 , Hamatopnmum Witenberg, 1926 , 
Corpopyrum Witenberg, 1926 and UvtieUtna Witenberg, 1926 ) 

Cyclocoelinde with flat body , anterior end narrower than the posterior , 
oral sucker not well developed, subterminal , ventral sucker absent , 
intestinal caeca smooth, without any lateral projections, extend up to the 
posterior end of the animal, meeting in the middle lint , testes two, almost 
spherical, lying in the posterior broad end of the animal and not separated 
by uterine coils , ovary spherical, smaller than testes, always in front of both 
testes, vitelline glands extend along the intestinal caeca 

Dtagnosts of the genus Cyclocceluni Braudes, 1892, emended — 

(Syn Cychpnmum Witenberg, 1 926 , Harrahtum Witenberg, 1926 , 
Prohypttasmus Witenberg, 1926 , Hypttasmus Kossack, 1911 , AUopyge 

Johnston, 1913 and Iranscalum Witenberg, 1926) 

Cyclocoelinae with flat body , anterior end narrower or may be as broad 
as posterior , oral sucker more or less funnel-shaped, weakly developed , 
ventral sucker absent , intestinal caeca, smooth without projections, run 
aUnost up to the posterior end of animal where they meet together in the 
middle , testes two, almost spherical, the postenor one lying in the " In- 
testinal Bow," the anterior further forwards, separated from each other 
by utenne coils , ovary spherical, smaller than testes, lying always in 
between the two testes , vitelline glands extend along the intestinal caeca 

Dtagnosts of the genus Contracaelum Witenberg, 1926, emended — 

Cyclocoslinas with flat spindle-shaped body , anterior and posterior ends 
both narrower than the middle , oral sucker quite terminal , ventral sucker 
absent , intestinal caeca, smooth without any lateral projection, run almost 


* The same BethmagtuUft is not available for the generic name idnce it is preoccupied 
by BttUtriogaiUfr SselivanoW) 1870 (Myriapoda). In view of this, the name wiD have to 
be ebsaged. 
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up to the posterior end of the animal whore they meet together in the middle ; 
testes two, almost sphencal, lying side by side, more or less conti- 
guous and not separated by utenne coils, in the middle of the body , ovary 
oval, smaller than testes, lying behind both testes in the “ Intestinal Bow ” 
vitelline glands extend along the intestinal cteca 

Diagnosis of the genus OpMhalmophagus Stossich, 1902. emended — 

(Syn Spaniometra Kossack, 1911 ) 

Cyclocoslinae with dat body , anterior end narrower or as broad as the 
posterior end , oral sucker weakly developed , ventral sucker absent , 
intestinal caeca smooth, without lateral projections, run almost up to the 
posterior end of animal where they meet in the middle , testes two, almost 
spherical situated in the intercaecal region and separated by intervention of 
uterine coils , ovary sphencal, smaller than the testes, lying always behind 
both the testes , vitelline glands extend along the intestinal caeca 

Family Dicrocaehtda hooss, 1907 

The family Dicrocoalndae contains numerous genera and has been a 
subject of investigation by a large number of workers The latest compre- 
hensive work IS that of Poche (1926) where he has recognised not less than 
20 different genera The mam features on which the generic division is 
based in this family is the relative position of the testes The distinction 
and arrangement of the various genera under the family is rather confused 
and a revision of the family will have to be done The family Dicrocoeh- 
idse has the following diagnosis — 

Trematodes small to medium in size with a more or less elongated, 
flattened, translucent and non-muscular body Pharynx and cssophagus 
present The intestinal ceeca are simple and do not qmte reach the postmor 
end of the body The excretory bladder is tubular or sac-like. The genital 
pore IS situated in the middle line between the oral and ventral suckers. 
The testes are situated in level with or behind the ventral sucker and in 
front of the ovary, opposite to each other or one behind the other, The 
cirrus sac is small and does not extend behind the anterior margin of the 
ventral sucker. The ovary is situated behind the testes The vitelfine 
glands are well developed and are laterally situated, partly overlapping tite 
intestinal ceeca The uterus occupies most of the ^ace behind the gadtol 
glands Eggs relatively small 

Type genus— Zhcroeaiwm. 
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Among birds in India, the family is represented by three genera ;~- 

1 denus Lyperosomim Looss, 1899 

2 Genus Platynosomum I/Ooss, 1907 

3. Genus Multmtellana phadke and Gulati, 1930 

Genus Lyperosontum I«ooss, 1899 

l^ooss created the genus Lyperosomwn for the reception of L porrectntn, 
L longtcauda, L. strongylosum and L plestostomum Braun (1901) added 
three species to the genus, vtz , L corrtgta, L saUbrasum and L rudectum 
Von I^nstow (190C) described L squamatum but this was later removed 
from the genus by Skrjabiu (1913) J^ooss again (1907) included under the 
genus, L lobatum, L alssont and L clathratum, the last on^, however, was 
assigned later to the genus Platynosomum Skrjabin (1913) added L pit- 
forme Nicoll (1914) described L scitulum and L dtreptum of which the 
latter was transferred later to the genus Oswaldma by Travassos (1919). 
Johnston (1917) desenbed three species L parvtum, L megastomum and 
L hamsom In the same year, Travassos (19J 7) added L oUtqum, L irarts- 
versum, L rarum, L lart and L stnuosum Isaitschicoff (1919) desenbed 
L dontcum and L aiienuaium Layman (1922) added three speaes 
L magnttesttum, L vanelltcola and L transverso-gemtahs. The same author 
(1923) described L frtngtllee and again (1926) L lantcola, L asom, 
L loossi and L alauda Bayhs (1927) transferred Dtsloma villa as X. villa. 
The latest comprehensive work is that of Skriabin and Udinzew (1930) who 
also desenbed a new species L papabejant and besides have given a useful 
key for the identification of the vanous species Pnee (1930) desenbed 
a peculiar species L monenteron which shows only a single intestinal caecum. 
He thinks that probably this condition of the intestine may be present m 
some other species The writer considers this feature as very important 
and thinks t^t such forms should not be included in the genus In fact, 
it appears necessary to create a separate genus for the form described by 
Price 

DiagHoais of the genus Lyperosomum Looss, 1899 — 

Dtcrocalttdts — Body elongated ribbon-shaped, ^hetical in section. 
Testes tawd*™ behind the ventral sucker Vitellana behind the testes 
Other characters as of the family 

From India two species have so far been desenbed under the genns, one 
by Bhelerao (1926) and the other by Patwardhan (1986) 

M 
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Lyperosomum kakea Bhalerao, 1926 

Body oloagatcd, iapcnng at both onds , cuticle without Bplnes Lonfcth 8 36 mm. 
and broadth (maximum at the level of ventral Bucker) 33 mm. Oral nucker terminal, 
•13 mm X 15 mm Ventral sucker, situated at l/.5th of the distance from the anterior 
end, measures *2 mm in diameter Prepharynx absent Pharynx, globular, measur- 
ing *06 mm * in diameter Intestinal csBca up to the posterior end of body Testes, 
oval, one behind the other some distance behind vential, sucker placed centrally with 
their axes oblique and measure 15 18 mm x 12-*l25mm Genital pore some 
distance behind pharynx Olrrus sac pcai shaped, lies centrally, about *28 mm 
anterior to ventral sucker and contains a coiled vesicula seminahs Pars prostatica, 
ductus ojaculatoriuH and cirrus small Ovar> ovoid, behind testes, in central line and 
measuies 165 mm x 12 mm Beceptacuhim seminis immediately behind it 
Laurer’s canal present Rhell-gland, post-ovarial Uterine coils fill up posterior part 
of body behind the ovary Vitellaria small, extending a little b-^hind o^ary, Eggs, 
oval, operculate measuring 028- 03 mm x 016- 018 mm 

Host — Corvus tnsolens (I^iver) 

Locality — Rangoon 

Lypefosomunt colorosum Patwardlian, 1936 

Body elongated, tapering at both ends and measuros 17-3 0 tom in length* 
Maximiuu breadth 102- 24 mm at the level of acttabulum Integument smooth , 
parenchyma with scattered pigment particks Oral sucker, subtormiual, elliptical, 
•076- *134 mm x * 002-* 10 mm Pharynx muscular and spherical, 043- 075mm 
in diameter Oesophagus 00- 1 mm long Intestinal cteca extend up to 4 /5th 
of the worm posteriorly \c3tabulum 138 -*24 mm in diameter, and is 350- 03 mm 
behind the antoiior end of the body Testes, two, t>ost-acetabular, one behind 
the othei Antenor testis sphencal 127 22 mm in dianint^'r Posterior t^tis, 
oval, separated from anterior by a ut^rinj loop and measures *108- 208 mm , 123- 

.217 mm Ginital pore midway between aietabuluui and anteiior end of body 
Cirrus pouch elongated, pyriform 12- 21 mm x 04- 07 ram It contains large 
vesicula Heminalis Ovary sphencal, smaller than testes, *04 mm behind pos- 
terior tostis, In the median hnc It measures 084- 118 mm in diameter 
Hecoptaculum semims dorsal and lateral to ovary and measures 028 — 04 mm 
in diameter Rhell-gland is similar in position but slightly ventral Vitellana, post- 
ovarial, In two lateral rows of 0-7 folltcUs oa oacli side Uterus extends backwards 
as far as fKisterlor end of body Eggs large, elliptical, thick-shelled and measure 
•0125 — *022 mm x 025 — 04 mm 

Host — 7 emenuchus pagodarum 
Locality — Nagpur 

Key for the identification of the species of Lyperosomum ' 

Ovary larger than both testes — L kakea 
Ovary smaller than both testes — L colorosum 


• In tbs original paper it is mentioned as >0 mm. whloh is probably a misprint. 
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Genus Platynosomum Looss, 1907 

The genus Platynosomum was created by Looss (1907) for a trematode, 
obtained from Ctreatus galhcus, which he named P semtfuscum Ifiter 
on several authors added to this genus Kossack (1910) described 
P fastesum, Nicoll (1915) recorded P acumtnatum from Kestrel and also 
transferred two species of Dtcrocoeltum as P deflectens and P pettolatum 
Travassos (1916) added P mtcrochts and later again (1918) P Urtetss 
Tubangui (1928) reported P phtllipptnerum The latest work on the genus 
IS that of Cameron (1928) where he desenbed P piantctpttes from a tiger 
cat 

Diagnosis of the genus Platynosomum I«ooss, 1907 — • 

Dicroccelttda -—Body lancet-shaped, greatest width at the level of the 
testes Anterior end more pointed than posterior Suckers almost of 
equal size Testes symmetrical, at equal height behind ventral sucker 
Cirrus sac plump, sac-shaped Ovary lies behind the testes Other 
characters as of the family 

The only form recorded from India is P acuminatum by Bhalerao 
(1926) which was previously obtained by Nicoll (1915) from Kestrel in 
Scotland 


Platynosomum acumtnatum Nicoll, 1915 
Host — Corvus insolens (Liver) 

Locality — Rangoon 

Remarks — Bhalerao gives no description or figure but mentions that 
the only variations from Nicoll’s descnption, that he finds in his ^ecimens, 
are in the dimensions of the body and the posterior extension of vitellana 
Since the writer has no specimens, he cannot add any observations on the 
subject A summary of Nicoll’s descnption is, however, given below — 

liengih 0 3 mm . mauniuni breadth just bnhind ventral sucker Is 1 5 mni Oral 
siicicer twisted to right* *45 mm x 40 mm Ventral sucker is 0 mm X *76 mm * 
situated 1 97 mm from the antjrior end Pharnyx caatlguous with oral sucker and 
measures 17 mm X 15 mm Oesophagu^i short Intestinal diverticula long and 
narrow aeuital pore o\er the pharynx* twisted to right Cirrus pouch *7 mm x 
»ld mm contains vesicula sominalis, pars proiitatica and ductus ejaculatorius Testes 
symmetrical* immediately behind ventral sucker and measure 25 mm x 30 mm 
Ovary behind left testis* oval Vitellana lateral* b^twasn level of testes* and 2 *3 mm. 
from posterior end * follicles snudl. Uterus AUa up greater portion of post-acetabular 
space ; oonvoUutlons entirely oonflned behind ventral sucker Vagina weakly 
developed* Sggs numerous* meaeure *033- *039 mm X *018- *02 mm 
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Genus Multimtellana Phadke and Gulati, 1930 


Body thick and opaque, ventrally convex Pharynx present Ovary 
post-testicular and median above the fork of the excretory bladder Testes 
lateral and lying under the caeca Twenty-eight pairs of vitellana lying 
exterior to the caeca Follicles of the vitelline glands tubular Genital 
pore sucker-hke close to and in front of the acetabulum and lying behind 
the gut-fork Excretory bladder Y-shaped 

Tyi)e-species — MulhvtieUana hewlett% 

MuttiviteUana hewleUt Phadke and Gulati, 1930 

Body thick and opaque and ventrally com ox liCngth 6 0-10 6 mm , breadth 
4 0-S 7 mm, Oral Ru< ker smaller and less prominont than acetabulum* Pharynx 
present OeBopha(?U8 5 mm long ; intestinal < m a, straight or slightly curved 
in a zlgrag manner Testes, two, lateral, pre-ovarial, lying under the cflsca liongi- 
tudinal sections of the fluke showed the presence of seminal vesicle and para 
prostatlca in close proximity of the cimia sac Genital pore, sucker-hke, close to and 
in front of ac'^tabulum, and lying behind the intaatinal fork Ovary, situated medially 
adl^ent to shell-gland, rec ^ptaculum seminis, and Laiirer's canal Vitellaria, 28 pairs f 
lying exterior to emea Excretory bladder Y-shaped* Uterus with loops ; eggs 
by iU-5S/x. 

Host — Corvus spUndens (Gall bladder) 

Locality — Bombay 

Remarks —This form shows the usual characters of the family Dicro- 
cosludee but diilers from all the genera in possessing a thick and fleshy body, 
much greater extension of the vitellana, and a sucker-hke genital pore The 
wnter, therefore, fully agrees with the authors tn regarding this form as a 
distinct genus Phadke and Gulati have also suggested a new subfamily 
Multivitellannee for the reception of this form 

Key for the identification of Avian genera of the family Dicrocoeliide 
reported from India 

1 Testes tandem . Lyperosomwn 

Testes connubial . . 2 

2. Vitellana extend throughout the 
body length — gemtal sucker 
present . MidtmteUarta 

Vitellana confined to the middle 
of the body-— gemtal sudeer 
absent . . . . . . tUtynoaomum, 
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Family OPtsthorchndn Broun. 1901 

The family Opisthorchudae contains about a dozen genera and attempts 
were made to divide the family into subfamilies but Morgan (1927) has 
pointed out the undesirability of this course of action owing to absence of 
any constant differences Further, Morgan (1927) has suggested the syno- 
nymy of Notaulus to Opisthorchis and the writer agrees with him In fact 
several other genera, vtz , Amphtmerus and Cyclorchts which are recognised 
by Morgan as distinct from Optslkorchts also do not show those distinctive 
features which should be taken as characters of generic importance Mo^n 
(1927) further suggests the fusion of the genera Clonorckts and Optsthorchts 
on the basis of the branching of the testes but the wnter thinks that the 
difference in the excretory bladder m the two cases is rather much pro» 
nounced It would, therefore, be desirable to keep the two genera as 
distinct Recently Yamaguti (1933) described a genus Oesophogtcola 
from the oesophagus of a marine snake and created a new subfamily Oeso- 
phagicolinac for its reception, under the family Opisthorchiidte The genus, 
in question, no doubt shows important differences from the members of the 
family Opisthorchudae with which it resembles m the absence of a cirrus 
sac and the relative position of the gonads It is. however, not possible, 
for the writer at present to make any comments on the systematic position 
of this genus 

Diagnosis of the family Opisthorchnda Braun, 1901 , emended Morgan, 
1927 — 

Body flat and transparent, sometimes much thickened, narrowing 
anteriorly Suckers near each other (except in Microtrema), often only 
moderately developed or atrophied Pharynx present and usually followed 
by a short oesophagus Intestinal caeca long and unbranched, not always 
reaching the posterior end Excretory vesicle Y-shaped with proportion- 
ately long stem and short branches, opemng at the posterior end or on the 
ventral surface in the region of the testes In the former case the stem winds 
S-shaped between the testes or may lie dorsal to the testes The gemtal 
opemng is immediately in front of the ventral sucker A cirrus sac is 
absent The testes he near the hind end of the body, obliquely or directly 
behind one another , sometimes they he laterally They are simple, lobed 
or dendritic The ovary lies immediately in front of the testes and may be 
simple, lobed or multilobed, I^aurer’s canal present , receptaculum seminis 
usuftUy strongly developed* Vitellana moderately well developed, divided 
into acini or continuous and he between the caeca and the maigiiis oi the 
body Uterine folds in front of the testes and mostly m front of the ovary. 
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extending to or m front of the ventral sucker Egga numerous, small and 
hght-brown in colour In the gallbladder and bile ducts of mammals, 
birds, reptiles and fish 

The family is represented among birds in India by a single genus 
Optsthorchts 

Genus Optsthorchts Blanchard, 1898 

A very large number of species have been descnbed under the genus 
and their diagnostic characters are based on the nature of the cuticle, ratio 
of oral to ventral sucker, disposition of the gonads, nature of the excretory 
bladder, the position of the ventral sucker, etc In fact, there are some 
species which do not show any clear differentiation and will probably be 
proved as synonymous But in the present state of our knowledge and 
also in the absence of data on the life-history, it is not possible yet to suggest 
any change iii their nomenclature, although Price (1932), on morphological 
grounds alone, has emphasised the identity of several species 

Morgan (1927) described 0 dendnttcus from the liver of a Sams crane, 
Anttgone imported into the London Zoological Gardens from India 
The writer has been able to collect two species of the genus from the avian 
hosts m India , and although he is fully aware of the undesirability of 
multiplication of species he finds it necessary to do so as the specimens 
collected present certain important differences from the existing species 
of the genus They are, therefore, being descnbed here as new species 
The diagnosis of the genus Optsthorchts given by Morgan (1927) is also 
slightly emended 

Diagnosis of the genus Optsthorchts emended — 

Opisthorch]id<£ , body distinctly, often very greatly elongated, some* 
times pear-shaped, anterior end attenuated , posterior end broader Skin 
generally smooth Excretory vesicle usually Y-shaped with long sigmoid 
stem winding between the testes or passing dorsal to them Copulatory 
organs absent Testes in the postenor portion of the body, and placed 
either obliquely or directly behind one another Ovary simple or lobed. 
Laurer’s canal present Receptaculum senunis prominent Utenne coils 
extend from the ovary to the ventral sucker, sometimes shghtly overlap the 
intestinal ceca Vitellana moderately developed, lateral of the intestinal 
CKca and not extending anterior of the ventral sucker, ending posteriorly 
at the level of the ovary Vitellans do not always form one region. 

Type spedesr— feimeus. 
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Optsihorchts ghddhts n sp (I'lgs 1 and 2) 

About a dozen specimens of this trematode were obtained from the 
liver of Sanogyps calvus shot by the writer in Badshahbagh, I^ucknow, 
The parasites appeared pink in fresh condition and their anterior end was 
very contractile and movable 

The body is more or less pear-shaped, and measures 3 9 mm x 1 6 mm. 
The oral sucker is ventro-termmal and measures 15 mm x 2 mm The 
ventral sucker lies at a distance of 1 275 mm from the anterior end and 
measures 175 mm x 2 mm The mouth leads into a short prepharynx 
05 mm in length The pharynx is elliptical and measures 15 mm x 
• 11 mm The oesophagus is thick-wallcd and measures 3 mm in length. 
The intestinal cseca extend almost up to the posterior end of the body 



Fig 1 

Pig 1 ~^Opt 9 lhorchi 8 gtddhiM n sp , entire wohn— doraal view, 

Fio 2 , — OptBihorehut giddhts — egge 

The excretory bladder is Y-shaped and opens by the excretory pore at 
the postero-dorsal end of the body The median stem of the ' Y ' passes 
in between the testes and bifurcates into the lateral horns between the 
anterior testis and the receptaculum seminis 



142 


Makund Behari Lai 


The testes are ovoid bodies with notched margin and he obliquely one 
behind the other at the posterior end of the body. The antenor testis 
which lies on the left side measures >4 mm x 15 mm The postenor testis 
measures >475 mm x 16 mm The vasa deferentia unite to form a coiled 
vesicula seminalis in the region of the metraterm The vesicula seminahs 
runs along the right margin of the ventral sucker and <^ns immediately 
in front of it at the genital pore 

The ovary is an elongated, flattened, transversely placed body measunng 
42 mm x 1 mm A well-developed rcceptaculum seminis lies behind 
the ovary and measures 2 mm x 15 mm The duct from the recepta- 
culum semims forms a loop near the left end of the ovary before entering 
the ootype A small oviduct leads from the ovary to open into the ootype 
which lies in front of the ovary and is surrounded by small umcellular shell- 
glands. 

The vitellaria consist of small follicles which stretch extra-caecally in 
the region of the uterus The vitelhne zone on the left side is broken up 
into groups while on the right side it is more or less continuous except for 
a slight antenor part The transverse vitelhne ducts run in front of the 
ovary and meet to form a very small yolk reservoir from which a small 
duct opens into the ootype 

The uterus arises from the left of the ootype and runs forward in peculiar 
transverse loops It ends in an elongated metraterm and opens in front of 
the ventral sucker The eggs are numerous but small and measure 
• 0225 mm x 01 mm 

Remarks — This form differs from all the known species of the genus 
Optsthorchts in having a peculiarly thick-rralled oesophagus The nearest 
ally of this form is 0 obsequens from which it differs in possessing distinct 
prepharynx, very feebly lobed testes, nature and extent of vitellana and 
much smaller eggs It is, therefore, regarded as a new species 

Optsthorchts cheeks n sp (Figs 3 & 4) 

A large number of these trematodes were collected by Dr G S Thapar 
from the liver of the common kite, Mtlvus mtgrans The body of the nnurioi 
is elongated and leaf-like and measures 6 <8 mm. x l>5mm The 
IS thm and sparingly spinose, specially in the anterior half of the body. 

The oral sucker is terminal and mmunires <2 mm in diameter. The 
ventral sucker which lies at a distance of I 65 «»»»» ftom the a^friirr 
•2 mm, X 15 mm in size. 
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Fio. 3 

Fig 3 — OpitthorehU eheelts n. gp , eatiw worm, — veniral view Body opiiuw 
not shown 

Fio 4 —Opuifhorehta chui %» — eggs. 

The mouth leads into an extremely small prqiharynx which is followed 
by a globular pharynx •096 mm x 086 mm m.aue The oesophagus is 
tUn- walled and measures >8 mm The two intestinal cseca extend upto the 
postenor end of the body 

The excretory bladder is Y-shaped The median stem is not S-shaped 
but shghtly sinui^us and runs in between the two testes It divides into 
the two horns just bdbind the receptaculum seminis. The excretory pore is 
dorsal and terminal. 
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The two testes are obliquely placed behind each other The anterior 
testis which is situated slightly towards the left is four-lobed and measures 

48 mm X 42 mm The posterior testis is ovoid and measures 4 mm x 

3 mm The vasa deferentia unite to form the vesicula senunalis which is 
very slightly coiled and runs along the right border of the ventral sucker 
to open at the genital pore which lies immediately in front of it 

The ovary is somewhat bilobed and median in position It measures 

4 mm X 275 mni The receptaculum semims is an elongated body, 
slightly constricted in the middle and lies immediately behind the ovary 
It measures 3 mm X 1 mm A small duct leads from the ovary into the 
ootype which is situated a little to the left of the ovary and is surrounded 
by unicellular shell-glands 

The vitellaria are more or less continuous follicles, cxtra-ceecal, and lie 
in the middle region of the body The vitelline zone on the right side is 
slightly smaller than the left The vitelline ducts from the two sides run 
backwards in the form of a ‘ V ’ and meet to form a very small yolk reservoir 
from which a narrow duct leads into the ootype 

The uterus arises from the right side of the ootype and runs forward in 
inter-ciccal transverse loops and opens at the genital pore immediately 
in front of the ventral sucker It contains a large number of eggs which 
measure 025 mm x 01 mm 

Remarks — This species differs from all the existing species of the genus 
except 0 vtvernttt, 0 ptscicola, 0 camnus, 0 noverca and 0 pedtcellata in 
having Its cuticle armed with minute and spanngly arranged spines 

h'rom 0 vtverrtm it differs, however, in having the oral sucker slightly 
larger than the ventral, much longer oesi^hagus, slightly lobed ovary, 
disproportionately developed vitcllana and smaller eggs 

Vrom 0 piscxcola it differs in having the ventral sucker smaller than 
the oral, oblique position of testes, disproportionate vitellana confined to 
almost middle third of the body, and in having larger eggs 

From 0 cantnus it differs in having a non-pedicled ventral sucker 
situated at double the greater distance from anterior end, a very small 
prepharynx, much longer msophagus, extension of intestinal ceeca up to the 
posterior end, more or less straight (not coiled) vesicula senunalis, very 
slight lobation of ovary, elongated and post-ovanal receptaculum semims 
and the non-pedicled gemtal pore 

From 0 noverca it differs in having a very long oesophagus, extension 
of intestinal cteca to the postenor end, anterior testis lobed and posterior 
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with almost entire margin, ovary ahead of the horns of the excretory bladder, 
much smaller range of vitellana and much smaller eggs 

From 0 pedtcellata it differs in having smaller ventral sucker, non- 
pedicled genital pore, absence of looped terminal ends of the male and 
female ducts, extra-csecal vitellana, elongated receptaculum seminis and 
smaller eggs 

Key for the identification of the avian species of the genus Optsfhorchts 
reported from Indian hosts 

1 Vitellana in middle of body, 

testes slightly lobed 2 

Vitellana confined to posterior 
half of the body, testes dendritic 0 dendrtttcus 

2 Oesophagus thickwalled, cuticle 

non-spiny 0 gtddhts 

Oesophagus thinivalled, cuticle 
siHiiy O ckeelti 

Family Leetthodendmda Odhiier, 1910 

Owing to the close affinities between lyecithodendriina* and Pleuro- 
genetinse, Odhncr (1910) created the family I,ecithodendnida: for their 
reception This has not been questioned, but some confusion has been 
created about the grouping of genera into subfanulics It may be pointed 
out here that this is. not based on any defimte grounds and apparently 
different characters have been considered in this connection , eg , the length 
of the intestinal coica, the extent of the vitellana and the position of the 
testes as well as the position of the genital pore and the host-relationship 

Mehra (1935) attached undue importance to trivial characters and thus 
added confusion by further dividing the family I<ecithodcndriidse into six 
subfamilies, viz , Anchitreminse N Subfam Leathodendninee, Fleuro- 
genetiiue, Phaneropsolinse N Subfam , Fxotidendniiue N Subfam , and 
Eumegacetinae K Subfam On a review of his work it appears that too 
much stress has been laid on the postenor extension of intestinal cseca and 
position of cirrus sac or on the median or lateral position of the gemtal pore 

The present writer considers that all these features show variations in 
the family and should not form the basis of subfamily divisions The only 
character which appears to be constant is the cirrus sac It is either present 
or absent The presence or absence of cirrus sac should, as has already 
been discussed (lyal, 1987), form a character of subfamily importance. 
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It is, therefore, considered desirable to keq> only two subfamilies, vix , 
Lecithodendninse with forms in which the cirrus sac is absent and Pleuro- 
genetinse containing forms which possess a cirrus sac The vanous sub- 
families of Mehra can easily be accommodated under these two heads 
Much emphasis has been laid on keeping the genus Ganeo in the subfamily 
Pleurogenetina; although it lacks a cirrus sac The chief argument advanced 
is the position of the genital pore which is simstral in Ganeo as in other 
rieurogenetinse while it is median m lyecithodendruiue The writer considers 
that the shifting of the genital pore from median to maiginal position in 
about the same level is not a character of subfamily importance, at any 
rate, certainly not of a greater significance than the presence or absence of a 
cirrus sac It would, therefore, be desirable to transfer the genus Ganeo 
to the subfanuly lyccithodendninse as suggested earlier by Travassos (1930) 

Diagnosis of the family Lecithodendrudoe Odhner, 1910 — 

Digeiiea, with variable shape of body Body spines either present or 
absent Ventral sucker at about the middle of the body Pharynx, oeso- 
phagus and intestinal caeca of variable length Excretory bladder V- or 
Y-shaped Testes generally symmetneal, sometimes, close together, at 
variable level in the body Cirrus sac present or absent Ovary, dorsal, 
mostly dextral, at varying levels of the body Receptaculum semims small 
Eaurer's canal present Vitcllaria situated on either side, branched foUicles, 
dendritic mostly in front of the middle body. Uterus well-developed, with 
regular loops, mostly pressed to the hinder end of the body Gemtal pore 
in the anterior part of the body, median or left-sided and sometimes dorsal 
Egg!> numerous, small Parasitic m intestine of Mammals, Birds, Reptiles 
and Amphibia 

The family is divided into two subfamilies — 

1 lyecithodendriiuse — ^without a cirrus sac. 

2. Pleurogenetnue — with a cirrus sac. 

The only avian species under this family reported so far from India 
comes under the subfamily Pleuri^enetiiue as it possesses a cirrus sac 

Genus Parabascus Looss, 1907 
(Syn. Pleuropsolm Mehra, 1935) 

Dtagnosts — Body small, about 1 mm. long with blunt ends. Skin 
strongly and thickly spinose. Oral sudeer subterminal, globular. Aceta- 
bulum almost pre-equatorial, about twice as large as oral sucker. Pharynx 
small, oesc^hagus long Caeca extend poet-testicular. Excretory pore 
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caud<M;exmitial Copulatory organ muscular Cirrus sac large, thick, club- 
shaped, extends to left around acetabulum Ductus ejaculatonus, pars 
prostatica and prostatic cells present Genital pore at the side of acetabulum 
Testes two, large, oval, post-acetabular Ovary elongate pre-testicular, right of 
median line Shellgland post«acetabular Vitcllana chiefly pre-acetabular. 
Uterine coils broad, almost entirely post-acetabular Eggs numerous, 
light-brown and operculate 

Parahascus tnsolens (Bhalerao, 1926) 

(Syn Phaneropsolus tnsolem Bhalerao, 1926 , 

Pleufopsolus insolem Mehra, 1935) 

Body pear-shaped, cutHjle covered with epinee lionglh *585- *73 mm Breadth 
29- •305 mm , maximum boinR at the level of tafites Oral sucker 1 15 mm x 1 mm 
Ventral sucker smaller than oral, *1 mm in diameter Pharynx, fi^Iobulat, muscular 
*03- 035 mm in dlameior InicBlinal rtrea short and somewhat anterior to the 
testes Testes, oval with entire margins, he symmetrically, and measui^.^ 0 007- 
0*12xnm* x 07- *003 mm Olrms sac, zigzag or often horse-shoe-Hhaped It is 
dorsal to ventral sucker, partly antrnor t-o it, lying between it and the intestinal fork 
On its posterior side it contains a large vcsicula semmalis and paw prostatua Ductus 
ojaoulatorius small followed by fanly long muscular perns capable of protrusion through 
genital pore, situated immediately anterior to tlie ventral sucker, on the left side of 
middle line. Ovary oval, measures *0-7 mm x *04- *05 mm, right of the ventral 
sucker and is often overlapped by the light testis tihelJ -gland behind ventral sucker 
in the central line Hoceptaculum semlms varies in size It lies on the inner side of 
the right testis Laurer^a canal [iresent Uterus long, roiU mostly post-tost tcular 
Eggs, brown, operculatod, CIS- 022 mm x 007- 0105 mm The \itoUaria are 
situated at the sides of or ovoi lapping intostmal cn)ca , follicles, small, 8-12 on each side 
Excretory pore at the hmd end of body leads into V-shaped bladder whoso arms 
diverge and end slightly behind testes 

Host —Corvus tnsolens (Intestine) 

Locahty —Rangoon 

RetMfks — Bbaleno (1926) described ibis species under the genus 
Phaneropsolus Mehra (1935), on small size of cirrus sac and acetabulat 
position of genital pore, suggested the creation of a new genus Pleuropsolus 
for it. On looking through the figure given by Bhalerao it appears that the 
rise of the cirrus sac is not small but owing to its bent character, it does not 
extend beyond the intestinal bifurcation The jiosition of the genital pore 
in the present form is pre-acetabular and this is certainly different from the 
position of genital pore in Phaneropsolus where it is far forwards just behind 
the pharynx The present form also resembles the genus Parahascus in 
the ^pe of cimis sac, the pre-acetabular position of gemtal pore, in the 


• la the original MMouai It is " 0>97'-0>12 nm ’* wliloh evidently le a mu^riat. 
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extent of vitellaria and in the position of the excretory pore It differs, 
however, from Parabascus in having shorter intestinal cseca, smaller ventral 
sucker and an avian host-features which are not of very great importance. 

It is true that the species should be removed from the genus Phanerop- 
soltis, but it should not be taken as a basis for the creation of a new genus 
Pleuropsolus as suggested by Mehra (1935) Tt is suggeted to place it under 
the existing genus Parabascus with which it resembles in many important 
points discussed before 

hatntly Heierophyida Odhner, 1914 

Odhner (1911) suggested the name Heterophyidse to replace the older 
names Cotylogouiniidse and Ca'iiogonimicUe Ciurea divided the family into 
five subfamilies, vtz , Heterophyinae, Mctagonimiiue, Centrocestinse, 
Apophallina; and Cryptocotylina; This division has subsequently been 
modified by Nicoll (1923), Kaiist and Nishigon (1924), Poche (1926) and 
Witenberg (1926) The family Heterophyida; as it stands to-day has the 
following diagnosis — 

Minute forms, usually not exceeding 2 mm in length Anterior por- 
tion of body thinner and more movable than the posterior portion Skin 
covered with small scalc-likc spines that are reduced posteriorly and may 
even disappear towards the posterior end of the body Intestinal ceeca 
simple, usually extending to tlie posterior end of the body Gemtal pore 
111 the immediate neighbourhood of the acetabulum , genital ducts usually 
open into a genital sinus, which may be variously modified and contains a 
cirrus-hkc body or gonotyl (genital sucker) Acetabulum usually median 
but may be displaced to the right of the median line , sometimes it is 
partially or completely atrophied and enclosed in the genital sinus Cirrus 
sac absent , seminal vesicle well developed, U- or S-shaped , the vas deferens 
surrounded proximally by a mass of prostatic cells Testes two or one. 
oval, globular, or slightly lobed, near the posterior end of the body, side 
by side, or obliquely one in front of the other Ovary oval, globular or 
slightly lobed, generally pre-testicular sometimes post-testicular usually to 
the right of the median line 'Seminal receptacle and J^aurer’s canal present 
near the ovary, usually near its postenor border Vitellana, mainly in the 
lateral fields, may extend anteriorly to or beyond the gemtal aperture. 
Uterus usually restricted to the interc«ecal field between the ovary and 
gemtal pore, but may extend to postenor end of body Adults parasitic 
in the intestine of birds and mammals. 

Type genus — Heterophyes Cobbald, 1866. 
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Only one genus Ascocotyle of the family Heterophyidae has been report* 
ed from birds in India 

Ascocotyle Looss, 1899, emended Snvastava, 1935 

Diagnosis — ^Minute distomes, body thickly spinose , oral sucker armed 
with a single or double crown of straight cylindrical spines Oral sucker 
continued posteriorly into a distinct appendage , prepharyux long, pharynx 
well developed and muscular, oesophagus present or absent, intc*stinal c»ca 
long or short Acetabulum median, situated in association with the gemtal 
sinus in a depression of the ventral body surface Testes situated one on 
each side at the hinder end of body , vcsicula seminalis and ejaculatory duct 
well developed Gurus sac is absent Ovary median or slightly to one 
side, pre-testicular , receptaculuni seminis large, situated in level with ovary 
or behind it Vitellana lateral, usually post-acctabulai sometimes extend- 
ing as far forward as the pharynx and mei*ting mesially near the intestinal 
bifurcation Uterus usually post-acetabular, rarely extending as far for- 
ward as the pharynx , eggs large, operculate, measuring 0 01 5- 0 035 mm 
X 0 008-0 01 7 mm iii size Parasitic in birds and mammals 

The only avian species recorded from India is Ascocotyle intermedins 
Snvastava, 1935 

Body pyriform, d— Omni x 2 — mni iii hi 7( with baikwarJty 

BpinoB Oral Buckei terminal, Oi ~ O'lmiu In diamott^i, HUtioundeil by doubh ciown 
of cybndiical spinoH about 28-30 in nuiub'^r Vtulnd BiiLket OfH* - 077 mm 

in dlainotnr, in mlddlo of body, lymp toj? *tIior with th« K^nitat poro in a Hhallow dtpwjs- 
sion, — the vcntw>( 5 enital mnus (h»mtal opening guaided bv the jccunutvls KxircUiry 
pore terminal Oral Muck-i has an oral cjoriitn, wlucb h< h dorsal tf> piepharynx Pre- 
pharynx long Pharynx *03- Ot mm X 02 03 mm Oesophagus shoil 

Int 3 Btinal ceeca terminate in level with the anteiioj uiaigin of ovarv Testes, posterior, 

symmotHcal, measure 12 ~ 17 mm > 07 - 12 mm Vesieula sernmahs, enor- 

mous, retort-shaped Cirms sac absent Bjatutatoiy duct joins with iiteruH forming a 
genital sinus Ovary between light testis and ventral Huokeruregulai and measures 
mm X 11- n mm Keeeplaeulum Beminw, yolk reservoir and I^auror's 
canal present Vitellaria extend up to pharynx Uterus never extending beyond 
genital sinus. Eggs, operculate, 03 — •036nmi x 015— 017 mm 

Host — Hakaetns leucoryphus (Intestine) 

Locality — Allahabad. 

Remarks — The genus A scocotyU w&s created by Uooss in i 699 Faust 
(1920) described the genus Phagicola but subsequently (1 926) considered it as 
a species of Ascocotyle Meanwhile Stunkard and Haviland (1924) split 
up the genus Ascocotyle into two sub-genera Ascocotyle and Parascocofyle 
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Witenherg (1929) recognized Parascocotyh of Stusleard and Haviland 
and suggested that a redescnption of new matenal of PkaguoU pttheco- 
phagtcola could settle the question whether Paraseocotyle is synonymous 
with Phagtcola or they both are valid genera Price (1935) proved the 
identity of Phagtcola and Paraseocotyle and considered that Phagtcola and 
Ascocotyle should be regarded as distinc*t genera, diffenng from each other 
in the arrangement of spines on the collar in one or two rows, presence or 
absence of oesophagus, length of intestinal cseca, position of vitellana and 
the extent of the uterus Snvastava (1935) in describing a qiecies Asco- 
coiyle {Phagtcola) tntermedtus has pointed out that this species connect the 
two genera of Price as regards the extent of vitellana He has, therefore, 
regarded Phagtcola and Ascocotyle as sub-genera of Ascocotyle and based Idle 
separation of the species Ascocotyle tntermedtus under the sub-genus Phagt- 
cola on the grounds that it possesses a long oesophagus, long intestinal cteca, 
and has its uterus confined behind gemtal sinus This does not appear to 
be sound In fact in his description Snvastava says (page 271), "The 
wide intestinal caeca are moderately long ” In his diagram of the species 
d few eggs arc shown a little ahead of the region of the gemtal sinus There 
appears, therefore, to be some confusion in the matter Owing to the 
arrangement of oral spines the extent of vitellana and spination of the body. 
Price (1936) still holds that the sub-genera Ascocotyle and Phagtcola should 
be given a generic status There is, in fact, a great deal of vanability in 
the extent of vitellana and in the size and extent of oesophagus and intesti- 
nal ceeca throughout the genus, and in the absence of constant characters, 
the writer considers that this differentiation into genera and sub-genera 
be abandoned 

Family MtcrophaUtdae Travassos, 1920 

Ward (1901) created a subfamily Microphallinse for the reception of the 
two genera MtcrophaUus and Levtnsentella and kept it close to the sub- 
families Brachyccelinse and Pleurogenetinse A few other isolated genera, 
VIZ , Monocatcum Stafford, Spelotrema Jagerskiold, Spehphallus Jagerskiold 
and Marttrema Nicoll were added to this subfamily Odhner (1911) trans- 
ferred the subfamily Microphallmse to the family Heter<^hyidse and was 
supported by Nicoll (1924), Poche (1926), Fuhrmann (1928), Stunkard (1929), 
Faust (1929) and Sprehn (1932) Other workers, mz , Ransom (1920), 
Ciurea (1924), Viana (1924), Witenberg (1929) and Mffeller and Van Cleave 
(1932) emphasized its exclusion from Heteropbyidse Travassos (192C9 
while agreeing with these latter workers raised it to the status wf a lamfly 
Micri^hallidse, to which view the present writer fully subscribes. 
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l^he family Mictopballidee as it stands to-day has the following diagno- 
sis — 

Trematodes, with small oval or elliptical or pear-shaped or conical 
body with blunt apex Oral sucker, terminal or subtemunal Ventral 
sucker situated in the mid-body or hind-body Pharynx present, pr^harynx 
present or absent Oesophagus long , intestinal caeca, with one caecum 
sometimes longer than the other, very short and never reaching behind 
ventral sucker Excretory bladder V-shaped Gemtal opening either ad- 
jacent or away from the ventral sucker, often provided with a gemtal atnum 
which may have sometimes thimble-shaped pockets on its lateral walls 
Cirrus sac present or absent Pars prostatica lying free or covered when 
cirrus sac present. Vitelline glands, in separate follicles either in groups 
or irregular or in the form of a horse-shoe-shaped band Testes behind 
ovary , the two testes are almost on the same level Ovary near the aceta- 
bulum Receptaculum semims absent Eaurer’s canal present Uterus 
fills up the posterior broad portion of the body Eggs, small and numer- 
ous. 

Tj^e genus — Mtcrophallus 

Only one genus of the family, vtz , LemnsenteUa has been reported from 
India 

Genus LevtnsenteUa Stiles and Hassall, 1901 

Dtagnosts — ^Microphalhdse , excretory bladder small and not reaching 
up to testes. Vitellaria in groups of 7-8 follicles on each side Gemtal 
pore close to the ventral sucker Gemtal atnum shows pocket-like thicken- 
ings There are always four thimble-shaped papilhc associated with the 
male apparatus The " Female papillte " are thin-walled, between the 
ventral sucker and the male atrium 

Type species— Levtnsemella brachysotM 

Levtnsmtella tndtea Eal, 1936 * 

Body roughly triangular, covered over with mmute spines upto the 
level of the ventral sucker , measures 93 mni x 6 mm Oral sucker 
• 1 mm X 12 mm Ventral sucker 08 mm x 078 mm Prepharynx 
•02 mm long Pharynx 'OSO mm x 05S mm Oesophagus 22 nun 
long. Right testis 105 mm x 068 mm Eeft testis >12 mm x 06 mm. 
Vesicula seminalis *1 mm x 066 mm Pars prostatica 136 mm. 


* Vide Free. Ini Aeai. 8ei., 1086, 4 . No. 2. See. B., 02-00. 

M 
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long Male genital opening lies at about 09 mm from the ventral sucker 
Ovary ‘lOS mm x 06 mm Eggs numerous with thick shell and without 
filaments, measure 017 mm x 006 mm Vitelline glands in groups of 
5 or 6 just behind testes 

Host — Galltnago galltntda (Bursa fabricii) 

Locality — Lucknow 

Remarks on the family Microphallida — ^The subfamily Microphalhnse 
Ward (1901) was raised to the status of a family Microphallidee by Travassos 
(1920) This family shows distinctive differences from the family Hetero- 
phyidae in the copulatory apparatus, the absence of a receptaculum seminis 
and the nature of the genital pore It has, therefore, been rightly excluded 
from the latter family and kept as a separate family 

The type genus of the subfamily Microphalhnse is MicrophaUus which 
is chracterised by the absence of a curus sac The genus M^fstrema has 
also been included under the same subfamily although it shows a well- 
developed cirrus sac The presence of a cirrus sac alone, as indicated earher 
(Lai, 1937), IS sufficient for the exclusion of the genus Mantrema from this 
subfamily The writer, therefore, considers it desirable to retain the sub- 
family Microphalhnse for only those forms in which a cirrus sac is absent, 
and to create a new subfamily Maritreminse for the reception of other forms 
which possess a cirrus sac 

The family Microphalhdse is divided into two sub-families thus — 

1 Subfamily Microphalhnse 

2 Subfamily Maritremins N Subfam 

Diagnosis of the subfamily MicrophaUinee , — 

Microphalhdse without a cirrus sac Vesicula seminahs and pars 
prostatica lying free in the parenchyma Vitellana in groups of 6-7 folhcles 
oil each side behind the testes 

Type genus — Microphallus 

Diagnosis of the subfamily Maritremina N Subfam 

Microphalhdse with a cirrus sac Vesicula seminahs and pars pros- 
tatica inside the cirrus sac Vitellana in the form of a band 

Type genus — Mnritrema 
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Family Cephatogommidm Nicoll, 1914 

Nicoll (1914) erected the family Cephalogommids for the reception of 
the subfamily Cephalogomminse IvOoss, 1899 Pande (1932) and Bhalerao 
(1936) think that the family should be brought back to the subfamily status 
and should be included in Plagiorchidse In support of this view, Bhalerao 
(1936) has pointed out that Nicoll (1936) has himself included it in Plagi- 
orchidee He has also tried to show that the position of the gemtal pore in 
some genera of Plagiorchidse, viz , Rentfer, Ochetosoma and Lechnorchts is 
lateral to pharynx and forms a near approach to the condition met with 
in Cephalogonimidae and further that there is a similanty in the nature 
of the excretory bladder m the two cases The wnter, however, does not 
agree with Bhalerao in his contention The mere fact, that the 
original author does not mention Cephalogonimidse as a distinct family 
at a later stage, should not be enough to prove the non-existence of the 
family The condition of the genital pore and cirrus sac as also some other 
characters are very distinctive in Cephalogonimidm and it would be more 
appropriate to regard it as a distinct family Some of the genera of Plagi- 
orchidse mentioned by Bhalerao should be simply regarded as connecting 
links showing a possible transition from one family to the other This does 
not, however, invalidate the existence of two distinct families, Cephalogom- 
midec and Plagiorchide 

Diagnosis of the family Cephulogonmtda Nicoll, 1914 — 

Skin spiny Prepharynx and pharynx present , oesophagus variable, 
crura i to more than |th length of the body Excretory vesicle Y-shaped, 
sometimes with a caudal vesicle The median stem of the ‘ Y ’ is shorter 
than the branches Genital pore marginal, dorsal or anterior to the oral 
sucker The cirrus sac long and smuous or saccular, extending ^to or 
beyond the intestinal bifurcation Testes behind acetabulum and ovary 
Ovary close to the acetabulum and on the nght side of the median line of the 
body Receptaculum seminis and Eaurer's canal present Utenne coils 
m ascending and descending rami, chiefly in posterior region behind the 
testes Eggs thick-walled and numerous 

Type genus — Cephalogonmus 

The family is represented by the genus Prosthogonimus among birds in 
India 

Genus Prosthogonimus Ehhe, 1899 

Dtagfiosts — Body small or medium in size, flattened, with the maxt- 
ittttm breadth behind the middle Skini^iny Prepharynx short Oesophagus 
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of medium size Excretory bladder Y-shaped Testes symmetrical, 
behind ovary and acetabulum Ovary close to acetabulum Cirrus sac 
long, slender and sinuous with convoluted vesicula seminahs Gemtal pore 
marginal at the level of the oral sucker Receptaculum semims and Eaurer’s 
canal present Vitellaria extra-csecal Uterus in coils in posterior part of 
the body, chiefly behind the testes Eggs numerous* 

Remarks on the genus Prosthogonmus — The genus Prosthogontmus was 
transferred to the family Plagiorchid® by Poche (1925) Euhrmann (1928) 
and Sprehn (1932) also keep it under Plagiorchidse Sinha (1932) has 
discussed at length the differences between the genus Prosthogontmus and 
the family Plagiorchidae and removed the genus to the family Cephalo* 
gommida: to which view the writer fully subscribes 

Prosthogontmus cuneatus (Rudolphi, 1809) Braun, 1901 

A single specimen of this parasite was obtained by l)r G S Thapar 
from the bursa fabricii of the common mynah, Aendotheres trtstts 

The specimen measures 4 95 mm x 2 375 mm The oral sucker is 
terminal and measures 2 mm x 25 mm The pharynx measures 
175 mm x 1 mm This is followed by a long oesophagus 3 mm m 
size which bifurcates at its posterior end into the two intestinal caeca The 
ventral sucker is well developed and lies at a distance of 1 8 mm from the 
anterior end It has a circular shape and measures 6 mm in diameter 

The testes lie at the same level behind the ovary and the ventral sucker 
They are 8 mm apart from each other and oval in outline They measure 
76 mm X 4 mm The cirrus sac is a slender and sinuous structure, 
containing coiled vesicula seminalis It opens at the lateral margm of the 
body by the side of the oral sucker 

The ovary is greatly lobed and lies in between the nght testis and the 
ventral sucker It measures 6 mm x 4 mm The receptaculum seminis 
is a more or less spherical body lying just behind the ovary on the inner 
border of the testes, The dotype occupies a small area just behind the 
ventral sucker 

The vitellaria are confined almost to the middle third of the body. 
They are extra-caecal, and consist of a large number eff distinct small and 
rounded follicles 

The uterus fills up the entire space behmd the testes It has both 
ascending and descending convolutions which pass m between the two 
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testes In front of the ventral sucker the uterus runs more or less straight 
to form the metraterm which runs along the cirrus sac and opens at the 
genital pore The eggs are numerous but small and measure 02 mm x 
• 01 mm 

Family Echinostorntdee l«ooss, 1902 

The family Echinostomidte was erected by Looss (1902) for the recep- 
tion of his subfamily Bchinostomins and some other genera Dietz (1909) 
described a large number of forms from avian hosts. Odhner (1910) at- 
tempted to classify the family into three subfamilies, Echinostomiiue, 
Himasthlinie and Echmochasmina; A large number of genera have been 
described under the family which are not included in any of the existing 
subfamilies Recently the writer (Dal, 1936) erected a new subfamily 
Parorchinee for the reception of the genus Parorchts The family Ethino- 
stomidae has the following diagnosis — 

Body more or less elongated, small or very large, usually much flattened 
anteriorly, less so, or even cylindrical posteriorly Oral suiker small and 
weak, surrounded dorsally and laterally, but not ventrally, by a collar-like 
fold, bearing one or two rows of spines, which are continued laterally to 
ventral corners, the corner spines sometimes large or specialized , acetabu- 
lum large and powerful, usually pre-equatorial and sometimes near oral 
sucker Cuticle usually spinose, specially antenorly Excretory vesicle 
Y-shaped, with lateral twig-like branches Pharynx and oesophagus present, 
intestinal caeca extend to postenor end of body Gemtal aperture pre- 
acetabular , genital sinus present or alisent Cirrus pouch usually present 
Testes post-equatorial, tandem or connubial in position Ovary pre-testi- 
cular, usually to right of median line , l,aarer’s canal present Recepta- 
culum seminis present or absent Vitellaria lateral, rarely extending 
antenor to acetabulum , sometimes confined to middle and consist of dis- 
tinct and big follicles Uterus in transverse coils, rarely extending beyond 
interceecal field Parasites of intestines or bile ducts of vertebrates 
The family is divided into four subfamilies — 

1 Echinostominse Eooss, 1899— Type subfamily 

2 Himasthlinee Odhner, 1910 

3 EchinochasminK Odhner, J910 

4 Parorchinee Eal, 1936 

Subfamily Echtnoslomtnts Eooss, 1899 

Dtagnom — ^Echinostomidie, cirrus sac gmierally extends tqi to the 
centre pf the ventral sucker and is never puriied behind Cirrus long. 
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generally not covered with spines and when contracted it appears to be 
coiled Seminal vesicle coiled and undivided Collar spines in one or two 
rows, continuous on the dorsal side 

Type genus — Ech%no$toma. 

Echtnostoma revolutum Looss, 1899 

Host — Anas pmtlorhyncha (Intestine) 4 

Locality — Rangoon 

Remarks — Gogate (1934) obtained this species from the duck, Anas 
pcecilofhyncha but gives no description or diagram He mentions that the 
only feature in which his form differs from the description of l^iihe (1909) 
IS the size The biggest of them is only a little longer than the smallest 
mentioned in the description The writer has no specimens of this species 
in his possession and cannot add to the description A summary of 
description is, however, given below — 

** Body 10-21 mm loni? Mouth sucker 25— 50 mm Pharynx 21 — *35 mm 
Ventral aucker 07-1 09 mm Cuticle spiny Collar apinea 37 There are 27 
* Randatacheln ’ and 5 * Eckstacheln * on either side Bometimos spinee 35 in number 
Teetes of very variable Hhape, in post equatorial body Vitellana extend up to the 
level of the acetabulum from the poaterior end They do not meet in the middle in the 
region of uterus ot testes BgRs -087— 126 mm X *059— 071mm ” 

Echtnosiomum govtndum Moghe, 1932 

Body 4 -4 94 mm x 92 mm Cuticle with Bplnea numerouB anteriorly but 

absent in the ixist-testicular region Oral sucker 140 mm x 133 mm, surrounded 
by remform collar of 32 spines There are 4 spines on each side placed close together 
Short prepbaiynx Muscular pharynx 22 mm x 30 mm fcdlowed by long oeso- 
pAagus Intestinal ceca run up to *14 mm from posterior end Ventral sucker sub- 
globular hes about •96 mm from anterior end and measures *6 mm in diameter 
Testes, ovoid, post-ovanal, *4 mm x 24 mm in slxe, lie one behind the other Cirrus 
sac ovoid, lies between intestinal bifurcation and anterior bonder of ventral sucker, lb 
contains transversely elongated vesicula seimnalis surrounded by prostatic glands. 
Qenital pore behind the Intestinal bifuroation Ovary pre-tostlcular, *12 mm in dia- 
meter. Hhell-gland lies between ovary and anterior testis Uterus runs up to ventral 
sucker Vagina runs dorsal to ventral sucker and cirrus sac ViteUarla, rounded 
follicles, extend from posterior end of intestinal CflBca to anterior level of ventral sucker 
Eggs •047 mm x 023 mm 

Host — Philomachus pugnax (Rectal caeca) 

Locality —Nagpur 


Echtnostoma chasma n sp 

Two immature individuals of this species were obtained from the small 
intestine of the garganey, Querquednla ctreta at Amausi The most re- 
markable feature of this form is the excretory bladder which is greatly 
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sinuous and showed peculiar penodical expansions and contractions oi its 
stem 

The body which has spiny cuticle is elongated with a broad posterior 
end and measures 2 58 mm x 64 mm The head with collar of spines is 
marked off clearly from the rest of the body The collar spines are 34 in 
number and are arranged in one regular row without break on the dorsal 
side Th^ dorsal spines measure 075 mm and the lateral and marginals 
05 mm in length 



Pig B 

Pig 5. Eokmoeimna ehaama n sp , onitre worm — ventral view Body epinea not shown. 
Fig I 6 Ech%ru)»totna ehoBma, head collar showing spinas (Sketched from glycerine 
mount) 

The oral sucker is • 16 mm in diameter There is a small prephar 3 mx, 
and a muscular pharynx measuring 176 mm x 125 mm The oesophagus 
^ 26 mm long and bifurcates at its postenor end into two intestinal cieca 


158 


Makund Behari Lai 


^ich are wide and have greatly crenated margins and nm close the 
side of the acetabulum up to the posterior end of the ammal 

The ventral sucker is 46 mm x *41 mm and lies at a distance of 
• 65 mm from the anterior end 

The testes are ovoid bodies, the anterior measures IS mm x 16 mm 
and the posterior 11 mm x 16 mm Ae cirrus sac, which partially 
overlaps the ventral sucker on the left side, contains an incompletely bi- 
lobed vesicula seminalis The cirrus is fairly long and opens at the genital 
pore just in front of the acetabulum and behind the intestinal bifurcation 

The ovary is oval and pretesticular and measures 85 mm x 66 mm. 
The shell-gland, ootype, etc . could not be observed The uterus runs in more 
or less sinuous but straight course dorsal to ventral sucker m the median 
line and opens at the genital pore No eggs are present in the uterus 

The vitellaria are not fully developed and consist of small folhcles of 
diffuse nature, extending from the posterior end up to the level of the 
middle of the ventral sucker 

Remarks — The form described above comes under the genus Echtno- 
stoma owing to its having a collar of spines umntemipted on the dorsal 
side, cirrus sac anterior to the ventral sucker and a non-^iny cirrus But 
the form is peculiar in possessing an incompletely bilobed semmal vesicle, 
a feature in which it differs from all the existii^ species of the genus and 
resembles the subfamily Kchinochasminse Although greater details of 
anatomy are not known owing to immature state of the specimens, the 
writer feels inclined to regard it as a new species of the genus EchtnosUma 
showing a transitional stage in the lobation of the vesicula seminalis 

Subfamily Htmastkhnee Odhner, 1910 

No representative of this subfamily has been reported so far from 
avian hosts in India, 

Subfamily Echinochasmitue Odhner, 1610 

Echiuostorniia — Cirrus sac is pear-shaped and does not reach even 
up to the centre of the ventral sucker Seminal vesicle is not coiled and is 
sharply divided into two parts. Para prostatica present. Ductus eja- 
culatorius is extremely short Collar spines generally in one row but some 
show arrangement in a double row Th^ are discontinuous on the dorsal 
side and 20-26 in number, 

Type genus — Eehtnochasmus 
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Echtnochasmus tnegavtidhts n sp 

A large number of these parasites were obtained from the intestine of 
the paddy bird, Ardeola grayt The worms exhibited slow movements of 
their body when liberated in normal salt solution. 



Kia 7 

1^0. 7, JBekinoehamua mtffomiellvB n »p, eniiiro worn — ^ventral view. Body 
apiiMiR not ahown 

« 

The body is elongated oval and measures 1 06 mm x 46 mm The 
cuticle bears spines The antenor end has a prominent head which bears 
a collar of spines The collar spines numbering 24, are arranged in one single 
row, leaving a little space on the dorsal side They arc arranged in two 
groups of 12 spines each and are of uniform size measuriiig >026 mm. 
long 



160 


Malcund Behari Lai 



Fio 8 

Fio 8 Eehinochaamua nutgavMlua n sp — Head collar showing spines (Sketched 
from glycerine mount ) 

The oral sucker is sub-veutral and measures 06 mm x *06 mm The 
mouth leads into a thin, prepharynx '076 mm in size This is followed by a 
muscular pharynx measuring 09 mm x 1 mm The oesophagus is short 
and bifurcates at its posterior end into the two intestinal cseca which run up 
to the postenor end of the testes Theu terminal ends are curved inwards 
and come near each other but do not meet 

The ventral sucker is strong and powerful and measures 18 mm x 
17 mm It lies at a distance of 38 mm from the antenor end and 
09 mm behind the intestinal bifurcation 

The testes he very close to each other in the posterior third of the body 
and are intercsecal in position The antenor testis measures 2 mm x 
11 mm and the posterior 17 mm x 112 mm The vesicula seminalis 
lies in front of the ventral sucker and is a bilobed body of 1 mm length. 
It ends in a small ductus ejaculatonus which is surrounded by prostate 
gland cells. The vesicula seminalis, ductus ejaculatonus, a short cirrus 
and prostate gland cells are all enclosed in a thin-walled cirrus sac which 
lies in a transverse position just in front of the ventral sucker 

The ovary which lies on the right side of the median line in front of 
the two testes is an ovoid structure and measures *08 mm x -O? mm. 
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The oot 3 ?pe lies in the median plane a little to the left of the ovary in 
front of the anterior testis and is surrounded by small unicellular ^ell> 
glands There is no receptaculum seminis in these forms The uterus 
anses from the left side of the ootype It is a short tube, thick in the 
middle, and contains very few eggs It is confined between the 
ootype and the ventral sucker and ends in a thick-walled metraterm which 
runs along the left border of the ventral sucker and opens at the genital 
pore which lies at a distance of 02 mm in front of the ventral sucker 
The eggs are fairly large and thick-shelled and measure 07 mm x 05 mm 

The vitcllana consist of very large and compact follicles I}ing in the 
posterior half of the body behind the ventral sucker They are extra- 
ceecal and meet together behind the testes filling up all the post-testicular 
space The two transverse vitelline ducts run just in front of the antenor 
testis and open together into the ootype 

Remarks — ^The present form differs from all the described species of 
the genus Echtnochasmus except E mordax, besides several other features, 
in the position of its cirrus sac which is transversely placed and is slightly 
ahead of the ventral sucker From k mordax it differs in possessing two 
extra collar spines, ratio of oral to ventral sucker, in having bigger testes 
and smaller ovary and in having big massive extra-csecal vitellana The 
present form, therefore, appears to be new to science and because of its 
large vitellana is named Echtnochasmus megavttellus, n sp 

Echtnochasmus removarus n sp (Figs 9 & 10) 

Several specimens of this Trematode were recovered from the intestine 
of the common house crow, Corvws Splendens The worms are more or less 
oval in shape and measure 117 mm x 426 mm The cuticle bears 
minute spines which extend up to the anterior testis The head is very 
prominent and possesses a well-developed collar beset with spines The 
collar spines are 24 in number and are arranged in two groups of 12 spines 
each leaving a short space on the dorsal side in the region of the oral sucker 
They show a slight variation in size increasing in length towards the dorsal 
surface and form a single row except for 4 pUics of spines towards the 
pharynx which show an alternating arrangement 

The oral sucker is 1 mm x 095 mm The prepharynx is extremely 
•mail The pharynx measures 09 mm x 06 mm and leads into an 
oesophagus of moderate size which bifurcates into the two intestinal caeca 
at its posterior end 
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Pia 9 


Fio 9 Sehtnochtumus renutvaru* n np,, ontli« worn — v«ntral view (Body q^ne* 
not nbown ) 

Fio 10 JSchmoehtuimui rmwvarua n sp Head collar showing spinea. (Sketched (tom 
glyoenne mount ) 


The ventral sucker, larger than the oral, is arcular in outline and 
measures 16 mm in diameter It lies at a distance of *46 mm from the 
anterior end and 13 mm behind the intestinal bifurcation 

The excretory bladder is peculiar inasmuch as it shows five tubular 
chambers opening one after the other into the bladder These are just the 
lateral branches of the stem of the ladder which have become d^ted at 
their proximal ends This gives a diambered af^eatance to the decretory 
bladder The excretory pore is dorsal and sub-temunal 
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The testes, two in number, much broader than long, are contiguous and 
occupy the posterior third of the body The anterior testis measures 

• 26 mm x 14 mm and the posterior 26 mm x 145 mm 

The vesicula seminalis is distinctly bilobed and hes on the right side 
of the median line immediately in front of the ventral sucker The cirrus 
IS short and is enclosed in a cirrus sac which also encloses the vesicula 
seminalis and prostate gland cells The genital pore hes at a distance of 
016 mm in front of the acetabulum in the middle line 

The ovary is pre-testicular, kidney-shaped and dextral in position 
It measures 11 mm x 06 mm The ootype complex lies on the left 
of the ovary just in front of the anterior testis The uterus is short and 
contains a few eggs which arc thick-shelled, large and measure 076 mm x 
046 mm 

The vitellana which consist of small rounded follicles extend from the 
posterior end of the body right up to the level of the pharynx They 
meet both anteriorly and posteriorly and form a wreath of follicles across 
the body 

Remarks — ^The present form differs from all the species of the genus 
except E bagidat in possessing a chambered arrangement of the excretory 
bladder But it differs from E bagulat in the greater anterior extension 
of the vitellana and shape of the ovary and testes In its general external 
appearance it stands nearest to E corvus fiom which it differs in the position 
of the emus sac and possessing a distinctly chambered excretory bladder 

It IS, therefore, regarded as a new species which is designated E rento- 
wrus because of its possessing a kidney-shaped ovary 

EchtnockAsmus corvus Bhalerao, 1926 

Body 1 •06-1 08 mm. X • 106 49 mm Collar knln«*v-shftp«d with 24 iipmoii, 
disposed in one row, broken dotsally by a short apace .4 h 8 ' lickstarheln * and 0 )- 0 
‘ Baadstaohela Oral sucker *070- 080 tnm in diameter Vential surker measures 

• 18 — «14mm in diameter Prepharynx present, short 027 nun m length Pharynx 
•068 mm Intestinal c<nca simple, extend to the postenor end of the body Testes, 
one behind the other, eoparated by a broad band of vtteliana from the poeterior end 
Anterior testis, transversely oval, entire margin and .measures 20 mm x 15mni 
Posterior testis somewhat round but flattened anteriorly, and measuroe 2*1 mm x 
•176 mm Cirrus sac lias dorsal to ventral suokar, in the median line, and extends 
posteriorly almost to the hind margin of ventral sueker. Genital pore, pre-acetabular 
•ad bshlad iatestinal bifurcation Vesicula seminalta well developed Pare prosiatloa 
aad duotoa eiaoulatonus very small. Ovary immediately anterior to teatea, dextral. 
oral, measans 1-^lSmm x •08- •105 mm. Booeptacuhim aeminis round, 
prSMUt on its innorslde. Lauter's eanal prsseat, sbell-glaiid in front of anterior testis, 
tikonw smaQ, oontateing very tew eggs, between anterior testis and ventral snekor 
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Bgfips oval, operculated, with brown ehell, and measure *07- <085 mm X *045- *06 mm 
Viteilfliia consint of large rounded follicles, situated dorsally along the side of body 
Vitellaria meet centrally In front of ventral sui ker and posteriorly behind the testis 
They do not extend up to pharynx. 

Host — Corvus tnsolens (Intestine) 

Locality — Rangoon 

Echinochasmus ruficapensis Verma, 1936 

Body length 2 5 — 3 6 mm , maximum breadth, in front of acetabulum, 0 4- 
0 U rnm Oral sucker spherical 0 Ifl mm oi oval 0 15 mm x 0 1 mm OoUar largo, 
ti'ansversely elongated, reniform or triangular, 0^ 0 45 mm X 0 6-0 05 mm , 
collai spines 24, dorsally intori iipted in one regular row on each side, ventral -most of 
each Hide smaller, othets nearly oijual Prepharynx 0 1-0 <2 mm , phaiynx oval, 
0 15 mm X 0 17 mm,, oesophagus long, 0 25 0 5 mm Ventral sucker sub- 
globular, 0 35 mm in diameter, at ono-third the body length fiom anterior end Oygiiy 
small, oval, along mid-tiansverse line or slightly ahead of it , testes median, close behind 
one anothei, in posterior half of body, margin smooth , anterior subquadrate or ovo- 
spherical, broader than long 0 1 8-0 22 mm X 0 19-0 *35 mm : posterior ovo- 
spherical or sub-tri angular 0 18-0 *25 mm xO 18-^ 2 mm Ova 0 07-0 *08 mm X 
0 •039*' 0 *063 mm 

Host — Podtceps Yuficollis 

Locality — Allahabad 

Echinochasmus bagulaz Verma, 1935 

Ijength 1 U mm to 1 75 mm , maximum width, about imddlo of body, 0 25 mm 
to 0*5 mm Oiol sutkei 0 07 mm in diameter (kiUat reniform with 24 spines, 
inieiiuptod dorsally, in two rows, alternating with one anothei , spines of outer row 
0 02.'>-0 036 mm long, of innei rtiw 0 021 - 0 027 mm kmg Prepharynx about 
0 05 mm long , pharynx 0 *042-0 59 nun m diameter , oesophagiw 2} to 3 times as long 
as pharynx Ventral sucker 0 *2 mm in diameter Ovary and testes In posterior half 
of body , ovary rounded, 0 *05 mm in diameter, to right of median line , testes median 
close behind one another ; transversely elongated, variable in form and outline , anterior 
testis usually somewhat smaller m dimensions than the posterior Bggs large, 7 to 15 
or more and measure 0 *007-0 07,50 mm X 0 *050-0 *0588 mm 

Hosin — Ardeola gray% & NycUcorax nychcorax (Small intestine) 

Locality — Allahabad & Nagpur 

Stephanoprom fusca n sg 

IVo specimens of this trematode were obtained from the small intestine 
of the spotted red-shank, Totanus fuscus The worms are elongated a nd 
cylindrical in shape and measure 4 776 mm X 46 mm , the greatest width 
being a little behind the postenor testis The head is marked off from the 
rest of the body and bears a collar of 22 spines The i^ncs are arranged in 
two groups of 11 each, leaving a short space on the dorsal side in the region 
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of the oral sucker The spines are of uniform size, measuring 06 mm x 
02 mm and are arranged in one row except for four pairs of spines towards 
the pharynx which show an arrangement in double row 



Fio 11 


JTio. 11. Slephanopnra fiuea n sp , entire worm — ^ventral view. 

Fk). 18 StephoHoprora /weoa-^bead collar showing spines (Sketched from glycerine 
mount.) 
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The oral sucker is sub-ventral and measures • 1 nun in diameter. There 
is a small prepharynx measuring *15 mm and this leads into a muscular 
pharynx which measures 125 mm x ‘1mm This is followed by an 
oesophagus 275 mm long which bifurcates at its posterior end into the 
two intestinal caeca which run up to the posterior end of the body 

The ventral sucker is strong and muscular and measures 25 mm in 
diameter It lies at a distance of 9 mm from the anterior end and 3 mm 
behind the intestinal bifurcation 

The testes are oval with entire margin and lie at about the middle of 
the body The anterior testis measures 375 mm x 26 mm and the 
posterior 4 mm x 22 mm The vesicula seminalis is bilobed and lies 
on the right side of the median line It is enclosed in a thin-walled cirrus 
sac which also contains a small cirrus surrounded by prostate gland cells. 
The cirrus sac measures 3 mm in length and beats the gemtal aperture at 
its antenor tip 

The ovary is situated at a distance of 75 mm. behind the ventral 
sucker in front of the two testes in the median line It is oval in shape and 
measures 15 mm x 11mm The ootype complex lies between the ovary 
and the anterior testis There are a large number of small umcellular 
shell-glands present around the ootype The uterus arises from the left nde 
of the ootype, curves behind and after forming a loop runs dorsal to 
ovary towards the anterior end There are a large number of eggs present 
in the uterus which measure 05 mm x 025 mm 

The vitellaria consist of elliptical follicles and extend from in 
between the testes to the postenor end The follicles of the two sides 
approach each other but do not meet in the middle The two viteUine ducts 
run parallel to the body m a longitudinal direction to open into a very 
small yolk reservoir A small and narrow duct from the yolk reservoir leads 
into the ootype 

Remarks. — The form described above differs from all the existing 
species of the genus StephaHoprora It differs from ^ polycestus and 
S reynoldt in the absence of a receptaculum seminis From S pseudo- 
echinatus, 6 mnata and S sp%nosa it differs in the position of the cirrus sac 
It stands nearest, however, to 5 mervlts, S dmttcidatus and S eoncittatm. 
But it differs from S. merula in having smaller ^;gs. wdl convoluted uterus 
and in the absence of a receptaculum seminis uterinum. From 5. deu^ 
culatus it differs m possessing smaller eggs and in not bavmg its cirrus sac 
contiguous with the ventral sucker It differs from 5 etmoOiaim in having 
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a dextral position of the cirrus sac. smaller eggs, longer prqiharynx and non- 
cont^ous testes It is therefore, a new species for which the name 
SUphanoprora fusca n. sp is proposed 

Stephanoprora reynoldt Bhalerao, 1926 

Body elongated, cuticle covered with spinee up to the posterior margin of anterior 
testis. Collar kidney-shaped with 22 spines in one row and broken dorsally 2 ' Eoksta- 
cheln ' and 9 * Kandstacheln ' on each side Oral suckor 21 mm x 68 mm Pre- 
pharynx short Testes with entire margin one behind the other, in the middle of body 
Anterior testis *39 mm X 33 mm , posterior *50 mm x *33 mm. Cirrus sac situated 
sinistral to ventral sucker and extends from the intestinal fork to the posterior end of 
ventral sucker, pear-shaped and contains two-Iobed vesiuila semi nails Pars prostatica 
and ductus ejaculatorlus small Ovaiy, anterior to testes, oval, sUghily dextral and 
measures *1.5 mm x 115 mm Kocoptaculum se minis post-ovanal, and shell-gland 
behind it Laurer’s canal present Uterus, with few ova, between anterior testis 
and ventral sucker £ggs measure 055- 0805 mm x 031- U40 mm Vitellarla con- 
sist of large follicles Yolk reservoir present ViteJlana extend from the centre of the 
anterior testis to llie posterior end and run lateral to the body, approaching each other 
closely at the posterior end Excretoiy pore terminal. 

Host — Corvus tnsolens (Intestine) 

Localtiy — Rangoon 

Sub/amtly Parorchmae Lai, 1936* 

Genus Parorchis Nicoll, 1907 

This genus is of rare occurrence and is recorded for the first time in 
India and the species Parorchis smpis Lai, 1936, forms the third vahd 
species of the genus 


Parorchis smpts Lai, 1936* 

Body baset with spines for the anterior 2/Srd part; 2 58 mm x 1 11 mm Head 
inconspicuously marked, ridge-like collar^ with single row of minute spines Four 
psiis of spines at the lateral margin of collar larger, 025 mm long Oral sucker 
*24 mm X 27 mm Ventral sucker 58 mm x 65 mm Prepharynx 07 mm 
Pharynx * 12 mm x 18 mm Oesophagus 19 mm long Excretory bladder 26 mm x 
*amm BigKt testis *35 mm x 27 mm Left testis 36 mm X 225 mm Vesictda 
ssmlais behind the ventral suckor 2 mm x 13 mm Cirrus sac 09 mm long 
Ovary •136 mm x 14 mm Beeeptaculum seminis behind ovary *035 mm x 
•032 mm Bhell-gland post-ovarial Male and female openings lie together In a 
genital atrium behind intestinal bifurcation Eggs m a single row, show segmentation, 
and measure •05- 06 mm x 025 mm Vitelline glands, about a dozen follloles on 
each side, partly extra-cmal and partly intercmcal. 

Host* — Toianus hypoleucos (Cloaca) 

Zocdifsfy.— Lucknow. 

B5 
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The author also discussed the systematic position of the genus PafOfoh%$ 
and came to the conclusion that this genus should be placed in a separate 
subfamily Parorchinse I/al, 1936, in the family Echinostomidse In the same 
communication* evolution of Echvnosiomes was discussed and a poly* 
phyletic ongin of Echinostomidse was suggested 

Isolated Genera of the Family Eckinostomida 

The genera Paryphostomum and Petasiger are not included in any of 
the existing subfamilies of Echinostomidse The wnter is not in possession 
of material of these forms and cannot defimtely express his opinion But 
on looking up the available literature, he finds that both these genera should 
be included in the subfamily Echipostominse, because of the arrangement 
of collar spines in an uninterrupted row and non-extension of its cirrus 
sac behind the ventral sucker 

Paryphostomum teshirtfolium Gogate, 1934 

Body elongated 3 5-6 mm , anned with spines in front of ventral sucker Man- 
mnm width in the region of testes *566- *962 mm Head collar strongly developed 
single row, 27 spines, unbrolcen dorsally Ventrally coUar spines gathered into two 
* end groups * of 4 spines each Oral sucker sub-terminal, measures *116 mm X 
•128 mm Prepharynx small, *027 mm Pharynx globular *135 mm. x *093 mm. 
Oesophagus 404 mm long Intestinal o»ca run to posterior end of body Ventral 
sucker *647 mm x *639 nun enclosing a spacious cup-shaped cavity Genital pore 
in between ventral sucker and intestinal bifurcation, median Testes, branched, tri- 
foliate, two antero-lateral and one postero-median branches lying one behind the other , 
posterior larger than anterior Cirrus pouch * 197 mm X 0945 mm., dorsal and 
oblique to ventral sucker Ovary globular, *17 mm x *105 mm , pre-testioular. 
Bhell-gland in between ovary and antenor testis Eeceptaoulum seminle, posterior 
to ovary. Vitellaria extend l^tween ventral sucker and posterior end of body, filling 
the post-testicular portion with loosely packed foUicles Uterus, short not much 
coiled, pre-testioular, interoflecal. Vagina is dorsal to ventral sucker Ova, numerous, 
small *0771 mm x *0409 mm 

Host -^DendrocygM javantca (Intestine). 

Locahty -—Rangoon 

P^astger mintUtssimus Gogate, 1934 

Body rnnallt elongated >948-1 <388 mm. WeU*daveleped bead floUae with 28 epiiiM, 
of which 17 am anaaged in a single doieelly asdnteirapted tow. measmring >0888 
- >0818 mm, x >01- 0171 mm Remaining 6 spines, in two venttal ' end graupa ' aaeh 
with 8 spines, measuxlng 'OSIUU'OTS mm X •018->028S mm. Itenlmnm width 


• Vide Froe. Ini. Acad Set., 1988, 4, No. 1, See. B, 27-88. 
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behind Tentral sucker *201- 340 mm Body entedor to^TsatisJ sneker eoTWed with 
spines. Or«d sucker 045- *063 mm Prephsrynx *05- 08 mm Pherynz gdobulnr 
•0495- -05 mm. Oesophagus thin ’S-'OS mm Intestinal casoal ends hidden in die 
viteilada Ventral sucker 'I??- 105 mm x •108-*220 ram. Oeaital pore, ventral 
to Intestinal bifurcation Testea oval, overlapping, with long axes at right anf^es 
Cirrus pouch 113 mm X >121 mm dorsal to ventral sucker and half portion extending 
between it and the intestinal bifurcation Ovary ovoid, *0844- 084 mm x 088 mm 
close to ventral sucker, lateral Ileceptaculum somlnis and sheU-glaad obscured by 
vitelline follicles VlteUine follicles behind posterior margin of ventral sucker to 
posterior end of body and filling loosely the poit-testicular region tlterus, pte- 
testicular, short Ova, few large 0602- 003 mm X ‘0368- 048 mm 

Host — Denirocygna javamca (Intestine) 

Locality — Rangoon 

Key for the identification of the Avian Genera and Species of the family 
Echinostomidse reported from India 

1 Testes connubial . 

Testes tandem 

2 Spines on collar broken on the dorsal 

side 

Spines on collar uninterrupted on 
dorsal side 

3. Collar spines 24 

Collar spines 22 . 

4 Seminal vesicle undivided 

Seminal vesicle incompletely bilobed 

6. Collar spines 27 

Collar spines 23 . . 

Collar spines 32 . 

Collar spines 37 . 

6 Excretory bladder with chambered 
diverticula 

Excretory bladder without chambered 
diverticula . . .. 8 ‘ 

7. Vitellana extend preacetabular . EchtHOchasmus rentovarm. 

Vitellana behind acetabulum . . Echtnochosmus bagula* 

8. Vitellana meet in the pre-acetabular 

reigion . . • • • Echtnochosmus cornu, 

Vitellana behind acetabulum . . 9 


Parorchis sntpts 
2 

3 

4 

Echtnochosmus (see 6) 
Stephanoprora (see 10) 

6 

Echtnostoma chosmo 

Paryphostomum icstttnfoltum 
Petastger mtnuttsstmus 
EchtnosUmum govtndum 
Eehmsotoma rcvoMum, 

7 
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9 Cirrus sac. transverse, ahead of 

ventral sucker . Echinochasmus megamtdlus 

Cirrus sac, vertical, touching ventral 

sucker . . . Echinochasmus ruficapensts 

10 Cirrus sac dextral . Stepkanoprora fusca 

Cirrus sac sinistral Stepkanoprora reynoldt 

Family Psilostomida Odhner, 1913 

Odhner (1913) raised the subfamily Psilostominse l,iihe (1909) to the 
status of the family Psilostomidse and described several new genera under 
it Travassos (1921) added the genus Lyperorchts and Bhalerao (1931) 
described another genus Testifrondosa] from the intestine of pig Thapar 
and Lai (1936) described from King-fisher the genus Pstlorchts, the only 
Avian genus of Trematode recorded from India under the family Lai (1938) 
described the second species, Pstlorchts ajgatnts, of the genus from Nettton 
crecca 

Family Diagnosis — Worms with flattened leaf-like body of variable 
length Head indistinct without any collar The internal structure is 
comparable to that of the family Echinostomidse Skin smooth or some* 
times covered with scale-like or simple spines Pharynx strongly developed 
Intestinal bifurcation in front of the ventral sucker Intestinal cteca reach 
almost up to the posterior end of the animal Excretory bladder Y-shaped 
The two limbs of the bladder ]oin each other in the region of the ventral 
sucker to form a big unpaired sinus Ovary is anterior to both the testes 
The disposition of the gemtal apparatus is on the same plan as that in 
Echinostomidse Vitellana consist of distinct fdhdes and present on the 
lateral sides of the body ventral to intestinal c«ca They do not sdways 
meet together in the middle line postenorly i^gs similar to those of the 
Echinostomes, about 088- 126 mm long Parasitic in the intestine of 
birds and mammals 
■ 

Genus Pstlorchts Thapar and Lai. 1936 

Psilosiomtda with leaf-like body Ventral sudker much larger than 
the oral Short Y-shaped excretory bladder Gemtal pore. d»tral. in 
front of the ventral sucker. Testes more or less bean-shaped and tandem , 
each testis provided with a well-developed funiculus which leads forward 

t Obattei^i (1038) nwntloiu that orMotoBhaleiao (1081) la aTnonym- 

«us vith Pwryphottomum mfrartufta Laaa (1016) iHifdi oaauo bbAw BdUnoatoqildM. 



Studies m Helmintkology 171 

into a vas deferens Receptaculum semuus absent A yolk reservoir 
present Uterine coils lie in front of the testes Vesicula seminalis retort, 
shaped, situated m front of the ventral sucker , cirrus short Vitellana 
behind the ventral sucker and do not meet those of the other side 
posteriorly. 

Type species — Pstlorchts tndtcus 

Key for the identification of the species of the genus PsUorchts 
reported from India 

Cirrus sac adhering to the ventral 
sucker , ovary spherical . . P ajgatnts 

Cirrus sac separate from the ventral 
sucker , ovary oval . . P tndtcus 

Pstlorchts tndtcus Thapar and I^al, 1935 

Body S 57 mm x 1 17 mm , amooth cuticle without aplnea Oral sucker 
17 mm. X 1 mm Ventral surker situated in anterior 2/Oth part of body, meaeuree 
76 mm X 06 mm Prepharynx 10 mm l<m»f , Phat yn* 18 mm X 10 mm Oeeo- 
phagfua 00 mm. long Anterior testis 75 mm X 42 mm Posterior testis 75 mm x 
30 mm. Ovary 11mm x 26 mm Eggs large, oval, 125-130 mm x 08- 1mm. 

Host — King-fisher (Intestine) 

Localtty — ^Uucknow 

Pstlorchts ajgatnts Ual, 1938 

Body 0 05 mm. X 76 ram , cuticle without spines Oral sucker 2 mm in 
diameter Ventral suckoi 06 mm x 65 mm Pharynx 1 mm in diameter Oeso- 
phagus 125 mm long Anterior testis 05 mm x 375 mm Posterior testis 
.7 mm. x 426 mm Ovary 26 mm in diameter Eggs large, oval, 1- 126 mm X 
• 04- 06 mm 

Host -—Nettton crecca (Intestine) 

Localtty — Ajgain 


Pamtly Strtgetda Railliet, 1919 

The family Strigeidae was erected by RaiUiet (1919) for the forms 
previously included under Holostomidte Blanchard, 1847 and Hemisto- 
midc Braudes, 1888 He further created a new superfamily Strigeoidea 
for the whole group having only one family, Strigeite More recently a 
etw^ehenuve study of the group in the form of a working classification 
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has beeo given by LaRue (1926) Under the family Stngeidse, he has 
listed five subfamilies, Stngeince, Braummnse, Cyathocotyluue, Polycoiyluue 
and Alariiuae 

Poche (1926) excluded the subfamily Cyathocotylinse from the family 
Stngeidse on the basis of presence of a cirrus sac and absence of the division 
of the body into two regions and erected the family Cirathocotyhdse Sxidat 
(1936) has further elaborated this view and has divided the family into 
several subfamilies On the other hand, Bosma (1931) recognized the Alan- 
ide of Tubangui (1922) as a distinct family and Dubois (1933) divided it 
into three subfamilies 

But in spite of these modifications, the writer is still inclined to main- 
tain the classification of DaRue (1926) as he considers that the differences 
between the vanous subfamilies of Stngeidse are not of such a great import- 
ance as to warrant their separation into different famihes. 

Dtagnosts of the family Strtgetdee Railhet, 1919 — 

The body is usually divided into two regions by a constnction, an 
antenor part bearing chiefly the special organs of attachment and a postenor 
part containing the major portion of the gemtalia The forebody is flatten- 
ed or incurved ventrally or cup-shaped, the hind body is more or less 
cylmdncal, ovoid or conical. The oral sucker is terminal or sub-terminal ; 
the acetabulum is generally present but it is weak The holdfast organ 
IS situated posterior to the ventral sucker and is sometimes covering the 
latter The intestinal cteca are without diverticula, usually extending to 
the postenor end of the body Cirrus and cirrus sac present or absent. 
The vitelline glands are strongly developed The uterus consists of few 
coils contaimng but few eggs 

The wnter is giving below a key to the subfamihes of Strigeidse Railhet, 

1919 

1 Cirrus sac present . . .2 

Cirrus sac absent 8 

2. Body not divided into anterior and 

postenor part . . . . . Cyathocotylinse 

Body more or less divided into anter- 
ior and posterior part .. Braunininse. 

8. Antenor part of the body cup-shaped Sti^eiiue 
Anterior part of the body flattened. . i 
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4 Uterus confined to hindbody and does 

not enter the holdfast organ . Polycotylinse 
Uterus usually enters the holdfast 
organ . . . . . . Alatunte 

Subfamily Cyathocotyhna Muehhng, 1898 

Diagnosis — The body is short and broad, without division into distinct 
anterior and posterior regions Cirrus and cirrus sac are present. The 
genital pore is situated at the posterior end of the body 

Type genus — Cyathocotyle 

Only one species of the genus Cyathocotyle has been repotted from 
India 

Cyathocotyle calvusi Verma, 1936 

Body 2 *00 nun x 1 *02 mm Oral sucker 0 16 mm x 0 10 nun , pharynx 
0 *09 mm X 0 007 mm , oesophaRus and prapharynx absent Holdfast organ 0 88- 
•i mm m diameter, wall covered udth very peculiar charaoterlatic, halr>bfce, fibrous 
outgrowths Testes very conspicuous, much elongated ; anterior 0* 60 mm x 0 18 mm , 
alongside holdfast organ s postenor 0 06 mm x 0*18 mm in narrower part of body, 
separated from the hind end by about half Ita length Ovary roundish, 0 >28 mm 
In diameter, masked by vitelline follicles, anterolateral to hind testis Vitellaria 
grouped In large follicles of irregular shape ^ng intestinal c»ca meeting in front 
Cirrus sac 0>00 mm x 0<14 mm , contains coiled seminal vesicle, prostatlo cells and a 
long tubular, eversibie citrus Genital atrium short, with nude and female ducts open- 
ing side by side into it , gemtal pore postero-terminal Eggs about twice as tong aa 
thick, not many, U <081-0 092 mm x 0 <041-0 <047 mm 

Host —Torgos calvus (lutestiue) 

Locality. — Allahabad. 

Subfamily Polycotyhna Monticelh, 1892 

Diagnosis — Body divided into two regions, forebody flattened, hind- 
body cylindrical. Cirrus sac and cirrus absent Holdfast organ round, 
elliptical or bulbous lateral wing-like suckers present or absent Genital 
pore postenor Uterine coils confined to hind body and never enter the 
holdfast organ 

Type gonm-^PolyeotyU 

*Neodipiostomim dilacacum n. op 

A large number of these parasites were obtained from the small 
intestine of the spotted owlet, Athene Brama The body is flat and broad 

* A number of spedmens of this form were also obUdned from Dr. Thapst'a 
eoUeetlon. 
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and shows a clear division into a long antenor and a Short posterior part 
The posterior margin of the antenor portion of the body is produced into 
a thin flap which is placed transversely across the body and divides it into 
two parts 



Fio. 18 

lf«odtpla$Umum iUaameum n tp , enltn womir-vdatMl view. 


The length of the specimen is 2 35 mm . and its breadth is *9 
The anterior portion of the body measures 1 86 mm and the posterior por* 
tion 1 >0 mm The antero-ventral oral sncker measures >1 mm. x >05 
The mouth leads into a narrow prepharynx which passes into a thidC'-walled 
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and muscular pharynx 075 mm x 05 mm in size The oesiqihagus is short 
and bifurcates into the two intestinal cteca which run almost up to the 
posterior end of the animal terminating in greatly dilated, club-shaped ends 

The ventral sucker is muscular and measures 1 mm in diameter 
The holdfast organ is a heart-shaped structure with its apex pmnting 
anteriorly It encloses a wide cavity in its postenor part There is an 
inconspicuous adhesive-gland mass at the postenor end of the holdfast 
organ 

The gonads occupy the posterior half of the body The ovary is ellipti- 
cal and measures 25 mm ^ 16 mm The ootype with shell-gland lies 
in between the testes The uterus, starting from the ootype, takes an 
ascending course up to the level of the ovary It then turns back in a 
descending loop and runs dorsal to the testes to the postenor end where it 
opens into the genital atrium The eggs measure 1 mm x 05 mm 



"Wio. 14 

SnMpMamum dOtmmm, Reprodootive organs onlarged— dorsal visw. 
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The testes, two in number, are broad and transversely elongated bodies. 
The anterior testis measures 526 mm x 276 mm and the postenor mea- 
sures *6 mm X 3 mm The vesicula senunalis is a thick convoluted 
structure lying behind the postenor testis and tuning into the gemtal 
atnum along with the female duct 

The vitellana are distributed throughout the anterior and the postenor 
part Anteriorly they extend a little beyond the ventral sucker and fill 
up the entire space of the holdfast organ Postenorly they stretch up to 
the dilated csecal ends 

Remarks — The form described above differs from all the species of 
the genus except N spathulaforme, N gavtalts, N orchtlongum, N cochleare, 
and N Thomast in having a larger broad and flat antenor part of the body 
But it differs from all these species in several pomts From N spathula- 
forme and N gamalts it differs in the absence of papillte around the hold- 
fast organ It differs from N tytense, in greater postenor extension of the 
vitellana and the shape of the antenor testis From N orchthtigum it 
differs in the position of the ootype which in N orch^ongum is rather 
peculiarly situated in front of both the testes From N cochleare it is 
distingmshed in having a broad and flat posterior part of the body and in 
the absence of a cup-shaped union of the margin of the antenor part of 
the body From N Thomast it differs in the shape of the postenor part 
of the body, in the shape of the testes, and in the absence of receptaculum 
seminis 

It IS, thus, evident that this form stands apart from all the known 
species of the genus It is further distingmshed by the possession of a 
heart-shaped holdfast organ and greatly dilated and club-shaped ctecal ends 
It IS, therefore, designated as a new species 

Neodtplostomum sp. 

A single immature specimen of this trematode was obtained from the 
intestine of the blue jay, Coracias benghalenstst The animal is I 676 mm 
long and has the maximum breadth of >675 mm in the level of the holdfast 
organ, The body is distinctly divided into two parts An extension of 
the posterior margin of the antenor portion overhangs the anterior end of 
the postenor portion of the body The anterior portion of the body is 
• 906 mm. long mduding the marginal expansion of 06 mm. The posterior 
part measures 82 mm long. 

The oral sucker is oval in outline and measures 'Ofl mm x *07 mm 
The mouth leads into a very short prepharynx which passes mto a globalar 
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muscular pharynx *031 mm in diameter The Oesophagus is rather small 
and immediately divides into the two intestinal cseca. 



Fio 16 

NeoitploUomvm sp —ventral view 

The ventral sucker, which lies at a distance of <425 mm from the 
anterior end, measures 07 mm X 071 mm The holdfast organ 
consists of two hemispherical pieces enclosing a cavity between them and 
measures 217 mm x • 160 mm 

The ovary lies at a distance of 08 mm from the anterior margin of 
the posterior portion of the body It is an ovoid body, measunng 140 mm 
X >11 mm 

Tile anterior testis which lies close to the posterior is 080 mm from 
the ovary and measures 17 mm x 080 mm The posterior testis measures 
• 180 mm X <11 mm. 

The vitellaria extend almost throughout the body of the animal and 
consist of small follicles No other details could be made out in the 
specimen 

Remarks — From the description given above, it is clear that the trema- 
tode belongs to the genus Neothploskmum because of the division of the 
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body into two distinct parts, overhanging margin of the antenor part and 
absence of any lateral suckers at the antenor end Bat in the at»ence of 
greater details of structure, it is not possible to assign any defimte specific 
position to this trematode 


Neodtplostomutn tytense Patwardhan, 1935 

Body 2 82 mm Ion at, divided into two unequal regione Forobody flattened and 
measuTee 1 62 mm x 1 28 mm Its lateral margins unite posteriorly to form a spoon- 
shaped dopression Hind body cylindrical and measures 1 *2 mm x 63 mm Outicle 
smooth Oral sucker small » and measures *050 mm in diameter Pharynx, small 
globular 062 mm in diameter Oesophagus short Acetabulum *087 mm in diameter 
Holdfast organ, sub-oitcular, small, 294 mm* m diameter and lies 22 mm. behind 
ventral sucker Ovary in front of testes at the junction of fore and hind body, ovate 
and raeasures *25 mm x 19 mm. Uterus and eggs not developed Vitellaria consits 
of a large number of small follicles, scattered around the holdfast organ, and extend 
into the anterior third of hind body. Shell-gland situated near the left side at a level 
between the two testes Testes, one behind the other, in the middle-third of hind 
body Anterior testis pear-shaped, slightly to left and measures *375 mm x *225 mm 
Posterior testis deeply bllobed, and measures «45 mm. x *225 mm Veslcula seminaUs 
large sac behind posterior tastis Genital pore at posterior end of body. 

Ho$t — Tyto alba stertens (Intestine) 

Locality — ^Nagpur 

Proalana akedensts Patwardhan, 1935 

Body 2*24 mm long, divided into two parts Forebody flattened measures 
•72 mm x *66 mm Hind body, cylindrical, and measures, 1*52 mm, x »5 mm 
Oral sucker, terminal and measures *085 mm in diameter On its either side are situa- 
ted sucker-like ptomlnenoes. Xo prepliarynx Pharynx spherical, muscular and 
•037 mm in diameter Oesophagus short Acetabulum, transversely ovate, 
•066 mm X *048 mm In else Holdfast organ slightly oval and invaginated posterior- 
ly It measures *176 mm X *16 mm A pair of adhesive glands are situaM behind 
the holdfast organ Ovary transversely oval situated oonsideratly behind the Junction 
of fore and bind body It measures •126 mm. x •! mm Vitelbiria, of (flossy packed 
folUoles, confined to anterior half of the hind body. Uterus extends a short distance 
in front of the ovary and contains a few but large egga measuring *075 mm. x *092 mm. 
Genital pore at posterior end of body Testes lie in middle-third of hind body and 
occupy entire width. Anterior testiiB meaeores *6 mm. x •825 nun. and posterior 
testis -4 mm x *41 mm Veslcula seminalis is voluminous and aao-Uke and lies 
behind the posterior testis Details of cirrus, verioula semlnaUa, pars prostatlca not 
given 

Host — Alcedo alihts (Intefltjae). 

Locality -^Nagpur 
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Neoalana thapana n g , n sp 

About half a dozen specimens of this trematode were obtained from 
the intestine of the king vulture, Sotcof^ps colvus at I^ucknow The 
animals showed active movements of the body which is flat and marked 
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Fro. 16 —Kmalana thnpai to n g.. n sp , — ventral view. 

no. 17 — -iVoBolarto Mopono— reproductive organs cnlargi>d — v<*ntnil view 


off into two regions by a very inconspicuous constnction The postenor 
end of the animal has a bursa which is shaped hke an inverted cup The 
writer has not been able to observe any sucker or papillae inside the bursa 

The length of the specimen is 2*45 mm Its maximum width in the 
region of acetabulum is 9 mm. The antenor part of the body w roughly 
square in outline and is much smaller than the barrel-shaped postenor part 

The oral sucker which projects a little beyond the anterior margin of 
the body measures 16 mm. x 125 mm The mouth leads into an ex- 
tremely small prepharynx which passes into the muscular pharynx 
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• 126 nun x •! mm The oesophagus is diort and thin and bifiixcates into 
the intestinal ceeca at its postenor end 

There are two wing-like lateral sockets sitaated by the side of the oral 
sucker They measure 21 mm in length. The ventral sucker, almost 
circular in shape, is well developed and muscular and measures 26 mm m 
diameter The holdfast organ is trough-shaped with thick wall and lies at 
the level of the demarcation of the body There is no adhesive gland in 
this trematode 

The gonads are confined to the barrel-shaped postenor part of the body 
and lie in transverse plane parallel to each other 

The testes are peculiarly dumb-bell shaped and he at a distance of 
3 mm apart from each other The antenor testis measures • 6 mm x 
26 mm and the posterior 6 mm x •276 mm The vesicula semmalis is 
thick and convoluted behind the posterior testis and opens into the bursa 

The ovary is elongated and is placed mesially, 16 mm ahead 
of the antenor testis It measures *3 mm x 126 mm The ootype 
complex lies in between the two testes The uterus runs in an ascending 
and a descending loop, a little ahead of the ovary but is confined to the 
postenor body and does not enter holdfast organ It opens into the bursa 
along with the male duct The eggs are thick-shelled and measure 07- 

• 076 mm X 046- 06 mm 

The vitellana also show peculiar distribution They extend up to 
the level of oesophagus antenorly and a little behind the testes postenorly 
They are closely arranged around the ventral sucker and the holdfast organ 
but towards the penphery they extend in chains, cutting clear parenchy- 
matous spaces m between the chains In the hinder part they are confined 
to the margins and do not extend into the middle of the body 

To sum up, the genus Neoalarta is characterised thus. 

1 Trematodes with body, not distinctly divided into two regions 

There is no umon of the {lostenor lateral margins of the fore- 
body The anterior part of the body is rot^hly square . postenor 
barrel-shaped 

2 Ventral sucker larger than oral , lateral wing-like suckers present. 

8 Holdfast organ trough-shaped, adhesive glands absent 

4 Gonads lie parallel to each other in transverse plane 

6. Testes peculiarly dumb-bell shaped. 

6. Bursa without any sucker or pa|dllc. 
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7 Uterus, with asceading and descending loops, not entenng the 
holdfast oigan 

8. Ootype complex m between the testes 

9 Vitellaria marginal in postenor body , in anterior body, dense 

around ventral sucker and holdfast organ and extending in 
transverse chains towards the penphery and cutting clear 
parenchymatous tissue in between the chSins 

10 Eggs, thick-shelled 

From the above, it is evident that the present form stands apart from 
all the genera of Strigeidse except Alarta and Proalarta in possessing lateral 
wing-like processes at the antenor end It differs from Alana in having 
its uterus behind the holdfast organ an4 m possessing a small trough-shaped 
holdfast organ and the absence of any union of the posterior lateral margins 
of the forebody It differs from Proalarta in the absence of a clear division 
of the body into two parts and in the absence of adhesive gland From 
both these genera it differs in having peculiar disposition of the vitellana, 
dumb-bell shaped testes, bursa without sucker or papilla and peculiar idiape 
of the body 

It IS, therefore, regarded as a new genus for which the name Neoalarta 
IS proposed with Neoalarta thaparta as the type species 

As the new genus resembles Proalarta in the disposition of the uterus, 
it IS being included under the subfamily Polycotyline 

Subfamily Alartma Hall and Wigdor, 1918 

Body indistinctly or distinctly divided into two portions, antenor part 
flattened, postenor part broad or cylindrical Cirrus and cirrus sac absent 
Holdfast organ cordate or elongated oval Lateral suckers, tentacles or flaps 
usually present near the oral sucker Uterus usually enters the holdfast 
organ 

Type genoa-^Alarta 

Pharyngostomum bagulum N Sp. 

Two specimens of this Trematode were obtained from the intestine of 
the eastern grey heron, Ariea ctnerea redtrostrts The body shows division 
into two parts although the constnction is only superficial The antenor 
part of the body is flat and longer than the postenor part which is short 
and more or less ovoid in shape The anterior part measures 83 mm and 
the posterior 85 mm in length The lateral matgins of the anterior part 
of the body do not show any union. 
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PharyngoBiomum hag^um n Bp. — ^ventral view 


The mouth is surrounded by an oral sucker measuring *^06 mm. by 
• 08 mm and leads into an extremely small prepharynx which is followed by 
a globular pharynx 06 mm X 04 mm in size The oesi^hagua is thin 
and divides at its posterior end into the two intestinal cseca which run up 
to the holdfast organ and are not visible behind it. 

The holdfast organ is a peculiar thick-walled C-shaped structure with 
the mouth of the * C ’ directed forwards The writer has been unable to 
locate any adhesive gland which is apparently absent. 

The ovary is median in position and lies at the constricted region 
the body It measures 086 mm X 076 mm Close bdund it ate the 
two testes, the anterior is elongated and bilobed and measures >26 mm. X 
•16 mm , and the postenor is anudler and measures -176 mm. K *12 mm. 
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The vitellana extend antenorly to the level of oesophagus ; posteriorly 
they are scattered and less numerous behind the testes 

The uterus and vesicula seminalis open together into a gemtal atrinm 
which lies a little distance in front of the postenor end A mass tA 
indistinct tissue behind the ovary is probably of the nature of ootjrpe, 
shell-gland, etc , but it has not been properly identified There are no 
eggs in the ammal which appears to be an immature individual 

Remarks — The form described above comes under the family Stngeidee 
but does not possess either a cirrus sac or cup-shaped anterior body and 
hence cannot be included under the subfamihes Cyathocotylinse, Braunimse 
and Stngeinse The absence of both, clear demarcation into antenor and 
postenor part of the body and the union of the lateral margin of the fore- 
body as also the presence of a thick and short postenor body, exclude it 
from the subfamily Polycotylinse 

The form, however, resembles the genus Pharyngostomnm Gurea, 1922, 
of the subfamily Alarunee in having a short and broad postenor body, 
the absence of united margin of the forebody, in the extension of the vitel- 
laria up to oesophagus, in the nature of the intestinal ueca, position of the 
ovary, and a reduced acetabulum Although the course of uterus could 
not be traced in the specimen, it seems probable that the uterus may enter 
the holdfast organ as it generally extends beyond the ovary which in the 
present case touches the holdfast organ 

But the present form differs from the descnbed species of Pharyngfh- 
stomuM in having a postenor extension of the vitellana, in the shape of the 
holdfast organ and in the almost entire margin of the testes It is, there- 
fore, being described as a new species 

Key for the identification of the Stngeidse included here 

1 Cirrus sac absent . . . . 2 

Cirrus sac present • • • Cyathocotyle calvust 

2 Uterus does not enter the holdfast 

organ . . . . * 3 

Uterus enters the holdfast organ . . Pharfngostomum bagulwn 
8 Lateral suckers present . . . 4 

Lateral suckers absent . . * Neoitplostomum (see Ko 6). 

4. Body not cleozly divided into two 
parts ; adhesive gland absent ; 
testes dumb-bell shaped . . . . Neaalana dumbdlata. 
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Body clearly divided mto two parts ; 
adhesive gland present . . . . Proalaria tdcedentts. 

6 Vitellana extend up to the postenor 
end of the hind body , antenor 

testes broad and elongated . . Neodtptostomum dtlacaenm. 

Vitellana extend only up to the 
antenor third of the hind body; 

antenor testis pear-shaped . . Neodtpiostomim tyUHse 

Famtly Schtstosotntda Ifiosa, 1899 

(Syn Schistosomatidee Poche, 1907 , Bilharziidse Odhuer, 1912) 

The author has already elaborated on this family tn a recent paper 
in the pages of these Proceedings* and has given a detailed history of the 
famil^i^ , 

DingmSttHtf the family Schistosomida — 

Ttmtatoda — Sexes separate, phaiynx absent , oesophagus short, termi- 
nating postenorly in a bifurcation to form intestinal branches or cseca which 
jala'fMfl^ly at the ceecal union to form a single, slender intestinal caecum 
terdilMmg near the posterior end of the body Suckers present or absent ; 
acetabulum, when present, cephalad cd the genital pore Body of male 
may be widened caudad of the acetabulum and have the sides incurved 
ventrally, forming a gynaecophotic canal m which the female lies Testes 
consist of four or more folhcles. Cirrus pouch present or absent Female 
more slender than male Ovary elongate, sometimes spirally curved, and 
lying cephalad of the caecal umon. Laurer’s canal present or absent. 
Vitellana extensive, extending from the distal pole of the ovary to the 
postenor end of the body. Parasitic in the blood-vessels of turds and 
mammals. 

The family Schistosomidae is divided into two subfamilies * — 

1 Schistosominae Stiles and Hassall, 1898 
2. Bilharziellinse Pnee, 1929. 

Key to the subfamihes of the family Schistosomidae . 

Caecal union caudad of equator of the 
body . . . . . . . . Schistosomtna 

Caxsil union cephalad of equator of 
the body . . . . . . Btlharsiethua. 

• Vide free, /nd, 4 <kmI. Sei,, 1987, «, No. S, 874-48. 
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Suhfatntly Schtstosomtna Stiles and Hassall, 1898 

Dtagnosts — Schtstosonudm — ^Males flattened and with the lateral edges 
of the body infolded ventrally to form a gynsecophonc canal Suckers 
present Intestinal ceeca long, usually uniting caudad of the equator of 
the body , common ceecum relatively short Testes situated in the antenor 
or posterior half of the body, always cephalad of the csecal nmon Females 
slender, thread-like, either longer or shorter than the males Uterus usually 
contains many eggs 

Type genus — Schistosoma Weinland, 1866 

Genus Ormthohtlharzta Odhner, 1912 

Dtagnosts — Schtstosomtnee — Female shorter than male Male with well- 
developed gynsecophonc canal, formed by an infolding of the lateral edges 
of the body Suckers present Cuticle covered with spines Digestive tract 
similar to that of Schtstosotna , intestinal cteca long, showing a tendency to 
form several anastomoses before finally umting to form the common 
caecum Testes numerous, 60 or more, commencing a short distance 
caudad of acetabulum, and extending into postenor half of the body Cirrus 
pouch rudimentary or absent Seminal vesicle free in the parenchyma ; 
prostate absent Gemtal pore situated immediately behind the aeetabnlum. 
Female elongate, slender and flattened. Ovary elongated, loosely or tightly 
coiled, and situated m antenor third of the body Vitellana exteiunve, 
occupying about two-thirds of body length Uaurer’s canal present (at 
least in some species) Uterus short, containing only one egg at a time 

Type species — Ormthobtlharzta tniertnedta 

Omtihobtlharzta sp Gogate, 1934 

Length 9 >5 mm., breadth >488 mm. Sptnee and tubercles present on the bodjri 
Oral muskier ’190 mm. in diameter. Ventral sucker pedunculated, 472 mm. x 
'417 mm. Intestinal oreca long, loining to form a common oreoam *62 mm from the 
posterior end. Teetee about 70, circular, feebly developed Oirme pouch rudimentary, 
posterior to ventral auoker Oyniecophorle canal well developed. 

Host —Dendrocygna javantca (Clotted blood) 

Loeahty -—Rangoon 

RsfNgfi^.— The author of this species found only two immature forma 
and gives no diagram of the specimens In the absence at an adequate 
aceannt, the writer is unable to comment on this form. 
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Subfamily BilharzteUtnce Pnce, 1929 emended 

Schtslosomtia — Suckers present or absent Gynsecqphonc canal 
absent or imperfectly formed or sometimes well developed Paired intestinal 
cseca short umting cephalad of the middle of the body, common csecnm 
long, with or without lateral dendntic branches Testes numerous and 
situated behind the ceecal union along the course of the common csecum 
Uterus short, containing a single egg 

Type genus — Btlharztella Uooss, 1899 

Key for the identification of the Avian Bilharziellinae reported from 
India ' 

Gynsecophoric canal well developed , 
ventral sucker present . Chmhuta tndtca 

Gyiuecophoric canal absent , ventral 
sucker absent . . Gtgantobtlharzut egreta 

Genus Chtnhttta Ual, 1937 

Male with a well-developed gynaecophonc canal, extending from a 
little behind the oral sucker up to the postenor end , female with flattened 
body and smaller than the male Suckers present Oesohagus provided 
with unicellular oesophageal glands The two intestinal caeca umte a little 
m front of the middle of body , common csecum long, without lateral 
branches but provided with angular thickemngs of its wall Testes vary 
between 70-80 in number and extend from the csecal umon to the postenor 
end of the animal Cirrus pouch well developed, enclosing a part of vest- 
cula seminalis, prostate gland-cells, pars prostatica and the cirrus The 
terminal end of the cirrus sac is slightly bent to the left side The male 
genital pore lies slightlv to the left of the median line near the middle of 
the body The ovary is elongated and sinuous, situated at the level of the 
cscal union Uterus short and straight The female gemtal opening is a 
little behind the acetabulum Vitellana situated on the sides of the com- 
mon ceecum in distinct follicles A vitelline reservoir is present 

Type species — Chtnhuta tndtca 

Chtnhuta tndtca l^U 1937 

Male —2 95 mm long, 375 mm. broad , lateral edges of body rolled 
inwards to form a deep groove Oral sudmr weak i mm in diameter. 
Ventral sucker muscular >15 mm in diameter Oesophagus 'STS mm 
long, with unicellular oesophageal glands Intestinal cmca join tcigether 
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m the pre-equatorial region at a distance of 626 mm behind the 
ventral sucker and 1 276 mm from the autenor end Testes 70-80, oval 
bodies of variable size , largest *126 mm x 04 mm , smallest 06 mm x 
•026 mm Vesicula seminaliit divided into two lobes, larger 117mm x 
0876 mm and smaller 087 mm x 07 mm 

Female — 1 8 mm long, 1 9 mm broad Oral sucker *04 mm in dia- 
meter Ventral sucker 076 mm in diameter Oesophagus 226 mm 
long with unicellular oesophageal glands Intestinal cseca join together at 
a distance of 675 mm from the antenor end Ovary lies 27 mm 
behind ventral sucker and measures 166 mm x 06 mm Ko eggs were 
found in the uterus Vitellaria distinct and large follicles postenor to 
ovary 

Host — Nettton crecca (Mam blood-vcscls and internal organs) 

Locality — Chinhut, I^ucknow 

Genus Gtganiobtlharzta Odhner, 1910 
Diagnosis of the genus Gigantobilharzia Odhner, 1910 — 

BilkorzteUinee — h'emale tylmdncal and shorter than the somewhat 
flattened male Posterior extremity of both sexes provided with lateral 
lobe-like projections Cuticle without spines or tubercles Oral sucker 
present or absent Ventral sucker always absent Gynscophonc canal 
absent or reduced to a short groove, situated in antenor part of the body 
Alimentary canal similar to that of Btlharztella Testes onginatc behind 
intestinal union and extend almost up to the posterior end of the body 
Cirrus pouch present Genital pore situated between the intestinal bifurca- 
tion and reunion Ovary moderately long and spiral Vitelline follicles 
occupy about nine-tenths of the body length Uterus short, containing a 
few eggs 

Type species — Gigantobilharzia acotylea Odhner, 1910 
Gigantobilharzia egreta Lai, 1937 

Male — 38 86 mm long, 276 mm broad No oral or ventral sucker 
Oesophagus 1 2 mm long Cscal umon takes place <4 mm behind csecal 
bifurcation Testes more than 600, filling 36 6 mm of body , size varia- 
able, largest 16 mm x 1mm and smallest 076 mm x 06 mm. Vesicula 
seminalis 2 mm in length 

Femede — Not obtained 

Host — Bulbukus ibis eoromandus (Renal vein) 

Loedhty —Lucknow 
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Remarks —Only two more species of this gemts are recorded G aeotylea 
by Odhner (1910) from Sweden and G monacotylea by Szidat (1930) from 
East Prussia 

Host-Parasit£ Rsiationship 

Prom a review of the habitat of trematodes in hosts, it is clear that the 
same species of trematode may sometimes infect more than one host It is 
now a considered fact that the bost-specifiuty theory of older helmintho- 
logists is no more an axiom Cases have been r^orted of non-speoficity 
of hosts in the trematodes affecting vanous groups of vertebrates ^he 
writer (I^al, 1937) has already emphasised the non-specificity of hosts in 
trematodes and also referred to a work of similar nature on cestodes by 
Meggitt (1934) Even in the case of Avian Trematodes there appears to be 
no specificity of hosts in several cases Dunng his own investigations on 
the subject, the writer has come across examples where one species of trema- 
tode recorded from India infects more than one host Thus, PUUynosomum 
acuminatum has been described from Kestrel by Nicoll (1915) and from Crow 
by Bhalerao (1926) Echtnochasmus bagulat has been obtained by Verma 
(1935) from two different genera of the Herons Prostkogontmus cuneatus 
which is now reported from Acndotkeres tnstis has already been descnbed 
from a large number of birds from Asia, Afnca and Europe Echinostoma 
revolutum has also been reported from an exceedingly large number of 
different hosts It is, thus, evident that the host-specificity hjrpothesis 
does not strictly hold good for at least the Avian Trematodes 

' C07UI.ATK»t IM TRBMATODBS 

The writer had no opportunity of making observations on the develop- 
ment of the Avian Trematodes descnbed in the present commumcation, 
but he has been able to record a case of copulation in the genus LevtnunitUa 

The process of copulation has been observed in a large number of trema- 
todes, both ecto-pasasitic and endo-parasitic. Previous records reveal 
that the time of copulation varies with the individuals, and climatic 
conditions do not affect it speaally in those cases where the host happens 
to be a warm-blooded animal Several different methods of copulation 
have been observed from time to time in the case of I%enetic Trematodes. 
The fertilization is affected either through cross«c<^ulation or self-copula- 
tion The cross-copulation may be mutual or reciprocal, eg, tn ProsiAocus 
(l^oss, 1885), Dicrocahum (Linstow, 1890) and Nematostrigea (Hitzsdi, 
1819), where the terminal. portion of the uterus or the metraterm serves as 
the vagina; or it may be one-sided copulation, eg ,xa. Paragcmmue (Keibert, 



Studies tn Hehuinikology 189 

1881), Liolope (Cohn, 1902) and CoUyriclim (Jegan, 1916) in which the 
l^urer’s canal is said to function as vagina In the case of self-copolation 
which also has been observed in some trematodes, eg, in Apopharyux 
(Odhner, 1911) there is the introduction of the cirrus of the individual into 
Its own metraterm 



Fiu 20 

FlO 10, Zevtnsentella mdua — '’opnlatinK worais 

FiO 20 Zev%n»enxeUa inixea — ^howin;; rotracted cirri and groovea 

In the case of LevtnsenteUa tndtca (Fig 19) in which mutual copulation 
takes place, a pair of individuals were obtained in sexual congress when the 
bursa fabricii of the Jack snipe, Galhnago gaUtnida, was opened in normal 
salt solution These trematodes being of small size, the fact of then 
recovery in a copulating state could not be definitely ascertained till the 
peculiarly shaped speck of tissue was subjected to examination under a 
low power of the microscope The copulating individuals he side by side, 
with their antenor ends pointing in opposite directions One individoal 
lies on its dorsal while the other on its ventral surface The umon takes 
place by the sides of the individuals which also partially overlap each other. 
A complete contact between the couple in the affected region is accom- 
plished through the help of deep undulations in the neighbourhood of the 
cirrus These undulations of the skin which take the form of grooves and 
papxllte ate developed on the affected sides of the individuals in the region 
of contact of their genital organs ; and they appear to be temporary 
structures formed only dunng copulation as they are entirely absent in other 
specimens. Bach papilla has one or two furrows on its side and the papilla 
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of one individual fits into the groove of the other and thus affords a firm 
hold for the trematodes The cirrus of these mdividoals bears a lai;ge 
number of minute spines and those also help in mamtaimng the contact 
during copulation In the present case the trematodes were so strongly 
attached to each other that the pressure of the cover-glass did'not seem to 
have any effect 

The cirrus of each individual which is a thick cylindrical body appa- 
rently lengthens out very much and is thrust into the metraterm of the other 
The male genital atrium lies at the base of the cirrus and dunng copulation 
its cavity, which normally contains the cirrus, is very much reduced by the 
contraction of its muscular thickenings This exerts a pressure on the 
atrium and the cirrus is thereby pushed out 

An attempt was made to fix the specimens in the copulating state but 
the couple separated out and only their half retracted cim (Fig 20) could 
be observed in the fixed specimens These observations on the copulation 
were made for about 20 minutes during which a camera lucida diagram was 
made Since the parasites were recovered already in a copulating state, 
the author is unable to say anything defimte regarding the duration of 
copulation 

OfiOGRAFHICAl. DISTRIBUTION 

With regard to the distribution of the various genera of Avain Trema- 
todes of India in relation to those found in other parts of the world, it may 
be mentioned that the distribution seems to be governed by the migration 
factor The birds, most of which are migrants, foreign as well as local, can 
carry with them parasites which are peculiar to certain countnes These 
cases of hosts as carriers are very common Certain cases of peculiar distn- 
bution are worth mentioning The genus Parorchts was reported from 
Northumberland coast, St Andrews Millport, and Amenca It has now 
been obtained in India Similarly the genus Gtgmtobtlharzta which was 
reported only from Sweden and Bast Prussia is now being reported from 
India The occurrence of Parorchis, GigantoMharzia and certain other 
trematodes in India throws important light on the effect of the migratory 
hosts on the spread of helminthic infections Some of these trematodes 
which were more or less endemic in particular countnes have now bemi 
discovered in India, and as an explanation of this peculiar distribution it 
may be said that the parasites were brought to this country by the migra- 
tory birds. Some of these parasites would in course of time produce the eggs 
which may hatch out into miracidia and may infect the snarls of a similar 
or closely similar vanety as the original mtermediate host It is not 
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surprising that some of these miracidia may become adapted to their new 
environment and would thus produce cercana which may infect new hosts. 
The usual barriers in case of land and sea animals do not control the infection 
in case of birds which can fly across continents and oceans and wander to 
distant places 
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LITTLE LEAF— A TRANSMISSIBLE DISEASE OF 

BRINJAL 
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{From the Affricultaral Research Institute, Coimbatore) 

Bcctnvod May 30, 1 9 ?9 

((7omfnunioait*d by liao Bahadur C> N Uangaswa^ni Ayyangar, i A s » f n i ) 

IntroducUon 

The bnnjal or egg plant (Solarium melongena) is an important vegetable crop 
in South India, its importance perhaps, being second only to that of the 
plantain (Musa spp ) It is grown all over the Presidency as an irngated 
crop, either alone or mixed with other vegetables and often as a subsidiary 
crop in betel gardens As a pure crop it is grown in two seasons, one trans- 
planted in July- August and the other transplanted in December- January, 
There are many local varieties which var>' considerably in size, shape, 
colour and flavour Being a vegetable fancied by all classes of people, it 
commands a good market and a good crop will fetch in normal years a return 
of not less than Rs 300 per acre The crop is subject to the attack of a 
number of insect pests and fungus diseases, but so far, no virus disease has 
been recorded in South India In recent years a disease of obscure origin 
resulting in a gradual diminution in the size of the leaves and sterility of 
plants has been causing considerable damage to the crop iii a number of 
places in the presidency, and this paper describes the disease and gives an 
account of the experiments carried out at Coimbatore in connection with its 
investigation 

Htiiory 

The disease was first observed in the Central Farm, Coimbatore 
(Thomas) in 1937 when the investigation was first started Subsequently 
reports of the disease have been received at the Mycological Section from 
various parts the presidency In 1938 the disease was observed in a 
virulent form at Nilampur, a village near Coimbatore, causing damage 
to an extent of nearly 50% of the crop in the field The disease would appear 
to be of virus origin Savulescu (1 934) mentions a virus disease of brinjal 
in Rumania, which causes mottling of foliage and dwarfing, but the disease 
is apparently entirely different from the one described in this paper. 
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Smith (1937) does not mention the disease m the list of virus diseases 
attacking solanaceous plants Uppal (1929) mentions a mosaic disease of 
chillies which causes reduction of leaves and a similar disease of chillies has 
been noticed by Park (1934) in Ceylon Uppal’s disease however would 
appear to be sap transmissible, while the Coimbatore disease is not 
Coleman’s (1917) photographs of Datura stramomum indicate the possibility 
of a similar disease having been present in South India at the time But 
it IS believed that no record of the disease as such, or a description of the 
disease has been made before * 

Etiology 

Macroscopic and microscopic examination of a large number of affected 
plants did not reveal the presence of any constantly associated insect, 
fungus or bacterium that might be held to be the causative orgamsm of the 
disease The absence of any living visible orgamsm, was suggestive of a 
virus being the cause of the disease 

Symptoms of the Disease 

The disease has been noticed on bnnjal and Datura fastuosa m nature 
‘ Brtnjal — ^In brinjal the most charactenstic symptom is the reduction 
in the size of the leaves As the disease progresses the new leaves produced 
become smaller and smaller with the result that in the course of a month the 
leaves are very considerably reduced The average size of a full grown leaf 
of a two-month old healthy plant is 10 cm x 16 cm and the maximum 
size of fully developed leaves of infected plants is 2 cm x 5 cm (Plate V, 
Fig 6) Both the petiole and the lamina are involved in the reduction, the 
leaves becoming almost sessile There is also considerable modification in 
the t^ture of the leaves In healthy plants the leaf is thick, leathery, 
hirsute, and dark green in colour In diseased plants the leaf becomes thin, 
soft, glabrous, and pale green in colour In thorny vaneties, the thorns 
in diseased plants tend to get attenuated and in some cases entirely 
disappear owing to the disease 

Another characteristic symptom is the stimulation of growth of axiUary 
buds including the latent buds, accompamed by the shortening cd intemodes 
of the branches In course of time, the suppressed branches mth numerous 
reduced leaves get crowded at the aztls and the plant presents a character- 
istic bushy appearance (Plate V, Fig 5) At this stage the appearance of 
the plant is so entirely changed that it is difficult to rect^tdse the original 
brinjal plant 

* Dr. K M Smith in a letter to the aentor antlior belieTee this to he so and has 
saggeeted that the virus he termed Datura Virua 2. 



Ltlde Leaf' — A TransmisstbU Disease of Brinjal 203 

The third characteristic of the disease is the modification m the floral 
parts (phyllody) (Plate V, Pig 7) In many affected plants there is no 
trace of any floral parts being present, but whenever found these undergo 
teratological modifications, the corolla, androecium and gynoecium turning 
completely green (virescent) In cases where the disease makes its appear- 
ance after the flowers are normally formed, the flowers are shed and no fnuts 
are set In very rare cases one or two fruits may de\elop normally As 
a rule however, affected plants are sterile and do not bear fruit at all The 
little-leaf affected plants are therefore absolutely worthless to the cultivator 
The disease affects the plants in all stages of growth, vtz , from the seedling 
stage till the period of maturity 

Datura fastuosa (Purple variety). — -The disease occurs on this host in 
nature The symptoms are similar to those described in brinjal, namely, 
reduction in the size of leaves, shortening of internodes, crowding and 
stimulation of axillary branches (Plate VI, Figs 6 and 9) Phyllody is some- 
times noticed but flowers are often normal and viable seeds are produced 
Datura fastuosa (White variety) — In the white variety also the disease 
occurs in nature manifesting similar symptoms but phyllody of floral parts 
is common, and viable seeds are seldom formed The crowding of leaves 
in the axils is very noticeable (Plate \I, Fig 10) 

Tomato — The disease lias not so far been observed on this plant in 
nature, but has been induced by grafting The reduction in the size of 
leaves, stimulation of axillary buds and phyllody are charactenstic sym- 
ptoms Fruits when formed get mummified No viable seeds are formed The 
petioles and young shoots assume a puri>lish tinge (Plate VI, Figs 6 and 7) 
Tobacco — The disease has not been observed in nature on tobacco but 
has been successfully induced from bnnjal to tobacco by grafting (Plate VI, 
Fig 11) The changes brought about by the disease m this host are very 
marked The affected plants show all the characteristic modifications of 
virescence, reduction in the size of leaves and stimulation and crowding 
of axillary buds as in the case of bnnjal, tomato and datura. 

Vartetal Suscepttbthiy 

So far as otlr present experience goes, all SoutbIndian vaneties of bnnjal 
appear to be susceptible to the disease It was not possible to distinguish 
vaneties of bnnjal by morphological characters as genetically pure types 
were seldom found In a preliminary expenment designed to test the 
vanetal susceptibility of bnnjal to the disease, 28 samples of seed from one 
source labelled as separate varieties and 8 samples from a firm of rqiuted 
seedsmen, were sown in pots, and the plants so raised were mqiosed to natural 
BTa w 
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infection Plants which escaped infection were further artificially infected 
The results (Table I) showed that all the vaneties tested were susceptible 
to a greater or less degree 

Table I 

Suscephbthiy of varieties of Solanum melongena to infection 


Number Number show- 
of plants mg little 
tested leaf 



I) 


21 

32 

23 

24 
26 

27 

28 

31 

32 


2 

2 

6 

1 

3 

4 
2 
3 
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Tabi,e l—{Contd ) 


Variety 

Number 
of jilantfi 
tested 

Number show- 
ing little 
leaf 

C(»ntral Farm 33 


3 

». 34 

>> 

2 

» 36* i 

>? 

0 

TCR 

M 

3 

8 23R 

20 each 

3 

S 237 Ii W 


3 

S 238 

>» 

2 

S 239 

M 

2 

H 240 


3 

S 241 

n 

3 

S 242 

ij 

4 

S 245 

»> 

3 


* Proved to ba sURL^ptible by grafting 

Transmission Studies 

Material and M^hods — 

Original source of virus Two affected plants collected from the 
Central Farm, Coimbatore, formed the original source of the virus 

Plants — ^In a set of preliminary experiments the plants used were 
seedlings raised from seed obtained from a previous crop, which was not 
diseased The plants were kept exposed and no attempt was made to 
keep them under insect-proof conditions But in later trials, the seed was 
treated with ceresan, and sown in autoclaved soil in seed pans which were 
enclosed in mnslm nets to prevent the entry of insects (Plate Fig 4) 
and throughout the period of growth all possible precautions were taken 
to grow the seedlings under insect-proof conditions 

Inoculum —Virus extract was obtained by crushing the leaves and 
tender shoots of affected plants in a sterilised agate mortar and eiqiressing 
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the juice through folds of sterilised muslin Holmes' (1929) method of 
swabbing the surface of the leaf with the virus extract mixed with 
carborundum powder and Sem’s (1930) pin-pnck method were adopted for 
inoculation. 

Grafting — This was done by the usual marching method and the stock 
and scion were tied with raffia After the lapse of a few days the stem of 
the scion was severed just below the graft 

Budding — ^This was done by the usual method of making a T-shaped 
cut m the bark of the stock and inserting a scion bud with a piece of wedge- 
shaped bark attached and tying up with raffia Budding was successful only 
in a few cases and was given up for later experiments 

Insect transmission — The seedlings raised were transplanted after 
28 days m earthenware pots filled with treated soil* and immediately 
enclosed m glass lamp chimneys covered with muslin tops The insects 
were either transferred directly from a diseased plant, or were enclosed 
in a glass tube and fed on a diseased plant for a period of not less 
than 24 hours prior to transfer Aphids and tingids were transferred by 
means of a sterile camel hair-brush, taking care to see that the insects 
were not injured No precaution was taken not to touch the leaf with the 
brush, as it was proved by sap inoculation experiments that the disease was 
not sap transmissible 

In the case of jassids. the insects previously fed ou diseased plants 
were transferred to muslin-topped lamp chimneys which were subsequently 
placed over the healthy plants It was found that sooner or later the insects 
settled down ou the plant to feed Six days after the transfer, the insects 
were killed by fumigating the plants with nicotine fumes or spraying them 
with a solution of nicotine sulphate Care was taken to see that only one 
kind of insect was introduced at a time and in any senes where an unknown 
insect was found inadvertently introduced, the senes was rejected As soon 
as the first symptoms of the disease were noticed the chimneys were removed 
and the plants were allowed to grow, under normal conditions Consider- 
able diificulty was experienced for want of an insect-proof glass-house bat 
this was partially overcome by transferring the experimental plants, to 
the verandah of the laboratory in the mam building which is 30 feet high 
from ground level and where owing to the absence of other vegetation 
nearby, infestation of insects other than those introduced was negligible 
The controls remained healthy 


• Th« soil used wm treated with boiling water pouted twice over to kill aU inaeotst 
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Tlie number of plants used in each senes of expenments throughout 
was not less than five of each kind unless otherwise mentioned And each 
series was repeated thrice, so that the total number of plants used was not 
less than fifteen in any senes 

Experiments and Residts 

Sap inoculation — Inoculation done as per the method descnbed supra 
on the following host plants gave negative results — 

Solanum melongena, Datura fastuosa (purple and white), tomato, 
tobacco and Nicotiana glutinosa 

The experiment was repeated four times during different seasons of the 
year, and no case of transmission was noticed in any of the series 

Grafting — It was found that the disease was easily transimtted from 
btinjal to bnnjal by means of grafting healthy stocks with affected saons 
In the preliminary expenment in 1937 out of 23 plants grown in the pot- 
culture house four were grafted with diseased and 4 with healthy scions 
and 15 plants were left undisturbed The four plants grafted with diseased 
scions took infection and developed symptoms of disease within 28 days, 
while the others remained free Since then over 90 grafting transfers have 
been effected in the pot culture house at Coimbatore 

Insect transmission — Attempts were made to see if the following 
sucking insects found on bnnjal in Coimbatore were vectors 

1 Aphis rumicts lyinn 

2 Aphis malvoides Das. 

3 Aphis gossypii (Glov ) 

4 Empoasca devastens Dis 

5 Eutettix phycitis Dis 

6. Thnps sp [unidentified) 

7 Urentius echinus Disk 

8 Phenococcus insolitus Gr 

Transmission expenments with the aphids and tingids gave negative 
results repeatedly 
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Table II 

Results of Insect Transmtsston Expentnenis 


S3ne8 

SOUTCO 

of 

Airus 

Trans- 

fi*rred 

to 

Narrw* of the insect 

Number 
of plants 
used 

Number of 
plants 
infected 

] 

Hnnjal 

Bnnjal 

AphtH fumictB 

6* 

0 

2 



AphtH mahoides 

0* 

0 

3 


jj 

AphtH gossyptt 

6* 

0 

4 


ff 

UionituH echinus 

6* 

0 

5 


ff 

Empoasea devasiens 

6 

1 . 

G 


ff 

Enieitix phynitn 

6 

2 

7 


ff 

do* 

6 

3 

8 

n 


do 

6 

3 

9 


ff 

do 

6 

4 

10 


ff 

do. 

3 

2 

11 

! '' 

ff 

Tlini)8 sp 

6* 

0 

12 


Tomato 

Empoaeoa devaeteus 

3 ' 

0 

13 


! ” 

Evtettix phyethe 

8 

0 

14 


Chilhi’H 

do 

4 

0 

15 

if 

Datura 

do 

4 

0 

16 

ff 

S xantho- 
earpum 

do. 

6 

3 

17 

Tomato 

Bnnjal ■ 

Thnps sp 

3 

0 

18 

»» 

Tomato 

do. 

3 

* 0 

19 

ff 

M 

Phenoeoeeue tnedlUue 

3 

0 


* Hepeated tour tlmoa 


The results show that the two jassids — Bmpoases iewutnu and EvUtHx 
could transfer the disease from biinjal to brrnjal. Of these the 
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number of successful transfers effected by Eutethx phyctUs was greater 
than those effected by Empoasca devastens Both the jassids are of common 
occurrence in the briiijal fields in Coimbatore, and possibly are chiefly 
responsible for the spread of the disease in the field 

Host Range 

The disease has been successfully transferred from bnnjal to bnnjal 
(cultivated and wild) tomato, tobacco Datura fastuosa and Solanum 
trtlobatum by means of grafting The results of these expenments are given 
in Tables IH nd IV 

Tabi,B III 

Results of Grafting Infected Scions on Different Hosts 


1 

Source of virus 

Host plant 

Method 

Eesnlt 

Number of 
healHiv 
plants 
used 

Number of 
plants 
infected 

1 

Brinjal 

Bnnjal 

Oraftinf; 

IH) 

OU 

M 

„ (wiW) 

>» 

7 

b 

?» 

Datura (purple) 

n 

b 

5 

M 

Tomato 


15 

13 

Tomato 

M 

J) 

3 

3 

Datura 

Bnnjal 


5 

3 

„ (purple) 

Tomato 

JJ 

5 

2 

(white) 



5 

nil 

Brinjal 

Tobacco 

Jl 

5 

4 


Sanialam album 

M 

2 

ml 


Solanum tnlohatum 

M 

1 

1 
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Tabw IV 

Period required for development of symptoms 


Nature of infootiou 

Mctliod 
of trans- 
mission 

Time taken 
for symptoms 
to appear 

Bnnjal to brinjal 

Insect 

24 to 45 days 

)» n 

Oraftint; 

21 to 30 f, 

,, flatura 



,, tomato 


15 to 22 „ 

Tomato to „ 


16 to 20 „ 

Bnnjal tt> tobacco 

•» 

40 „ 


Seed Transmission 

An attempt was made to sec whether the disease is transmissible through 
seed Two lots of seed collected from partially diseased bnnjal and 
Datura fastuosa plants were sown under insect«proof conditions No disease 
was noticed m the seedlings It would appear therefore that the disease 
is not seed transmissible 

Control 

Destruction of all solanaceous weeds from gardens and prompt removal 
of affected plants would appear to be the only possible means of keeping the 
disease in check until resistant varieties are found In a field where the 
weeds were completely eradicated and the diseased plants rogued out the 
subsequent incidence was reported to be markedly less than m the other 
fields in the same locality 

Summary 

A transmissible disease of Solanum mehtigena has been found to cause 
considerable damage to the crop in many parts of the Madras Presidency 
The general nature of the symptoms together with the absence of a visible 
associated organism was suggestive of a virus being the cause of the disease. 
Owing to the complete suppression of the productive phase in the affected 
plants and the high percentage of incidence the loss is very great The 
disease is found to be transmissible to Datura fosduosa, tomato, tobacco 
and wild bnnjal, S. xanthocarpum and 5 tnlobafum 
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The disease is not transmissible by sap inoculation but is easily trans- 
mitted by means of grafting Two species of jassids would appear to be 
vectors of the disease 
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DESCRIPTION OF PLATES 
Platf V 

Fio 1 — View of a brinjAl Acid in a vlllago near Coimbaton' showing large number of 
affected plants 

jpiQ 2 — Healthy and naturally infected brinjal plants of the same age 
Fio 3 — healthy hnn^al plant 

Fio 4 — Brinjal plant showing symptoms of disease induced by grafting 
Fig 6 — Same plant showing advanced stage of disease 

Fig 0. — Terminal shoot of a diseased plant showing the reduction in tlie size of leaves 
Leaves from the healthy plant of the same age on the right 

Figs. 7, 8 and 9 — Modification of floral parts brought abbut by the disease in brinjal 
Healthy flower on the left in Fig 7 

Fto. 10, — ^Modification of flond parts in Datura fasluosa 

Yia 11,— Mummified fruit of infected tomato plant showing characteristic splitting. 

Fig. 12.— Modification of floral parts In tobacco and tomato 

Top * Tobacco flowers healthy (left) and infected (right). 

Bottom : Tomato flowers infected (left) and healthy (right) 
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Plate VI 

Fio 1 'A brlnjat Bf'odliug (left) ahowmg symptoms of disease transferred by the 
insect KutpUur phycUta fed on diseased siinots Control — healthy plant on 
the right 

Fra 2 -"Hamc plant two months later (Control not in the picture) 

Fro 3 ' (1) Bilnjal seedling 2K days old (control) 

(2) „ infected by phyeUta 

(3) M 2 months old infected by Euteiltx pkycUts 

Flo 4 — View of ins*ct-pi*oof cages in which seedlings were raised for tlu experiments 

Fig 5 — Hhowing diseased plants (Ic^ft to right) of brinjal, tomato, Datura fasiuoaa 
(puipio) and Datura faaiuoaa (white) 

Fig (t — Solanum melotufena (wild) showing th'' disease Induced by grafting 

Fig 7 — Hhowing healthy (left) and disaascd (right) tomato plants (var Golden queen) 
Disease transmitted from brmjai by grafting 

Fro 8 — Diseased tomato plant (var Dwarf giant) 

Pio 0 -Datura fafttunaa purple variety showing healthy plant (left) and infected 
plant (right) 

Flu 10 — Datura faaiuoaa (white) healthy (extreme left), showing symptoms in early 
stage (middle) and showing symptoms m ailvaneed stage (extreme right) 

Fios 11 and 12 — Tobacco plants (variety Harrison special), showing disease induced 
b> grafting 





TESTICULAR OVA IN URAEOTYPHLUS 
NARAYANI SESHACHAR 


By B K. Sbshachar 

{Frovi the Department of Zoology, Umvrraify of Myaore, Central College, Uangatore) 

Ki'ccived Aiiguit 2, 1031) 

(ConimiiuicaU'd by Prof A Hubba Rau) 

Ova in the testis of Amphibia have been reported by a number of workers 
both normally as well as during implantation experiments In the toads, 
however, they have been more frequently found than in other Amphibia 
The development of the Bidder's organ in many species of Bufo is probably 
the culmination of this faculty to develop ova by the male The develop- 
ment of the Bidder's organ and its probable function have formed the 
subjects of numerous memoirs to which that of Witschi (1933) is probably 
the latest contribution helping to elucidate many obscure points in regard 
to this peculiar organ 

While the development of ovarian structures in species of Amphibia 
other than Bufo is comparatively rare, Swingle (1917), Crew (1921) and Rau 
and Gatenby (1923) have described in various species of Kana isolated ova 
in the testis of both adults and larva: The last-mentioned authors noticed 
in a male specimen of Rana temporana a structure resembling the Bidder's 
organ 

The presence of ova in relation to the testis is more common in experi- 
mental work Meyns's (1910) classic experiments on transplantation of 
testis in frogs yielded results which pointed generally to the fact that in 
transplanted and regenerating testis fragments, eggs are commonly found 
These observations have been substantiated by the work of Ponse (1924) 
on Bufo vulgarts and later by Welti (1928) in the same speoes But 
contrary results have been reported by Lauche (1916) in Rana, Witschi 
(1925) in Bufo and Moszkowska (1932) in Bombtndtor No eggs were found 
by these authors in the testicular implants 

Champy (1921) has produced precisely similar results by different 
In a specimen of Tnton alpostns, starvation produced a suppression 
of spermatogenesis but when later the specimen was fed, the gonocytes of 
the starved male gonad ha*d metamorphosed into oocytes and the individual 
m every way resembled a female 
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A review of the existing literature reveals nothing regarding this prob- 
lem in Apoda So far as I am aware, a Bidder's organ has not been 
noticed in any example of this group nor have testicular eggs been reported, 
either normally or as a result of experimental work 

So the interest attached to the discovery of testicular eggs in a member 
of the Apoda is considerable During my study of the spermatogenesis of 
JJftBotypMus narayant, I came across a set of sections of the testis showing 
eggs Three such ova were found in the different lobes of the testis of 
the same animal The following is a brief description of the ova 
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The ova are all mtratubular They are large and all the three are of 
about the same size and in about the same stage of development The cells 
present all appearances of typically developing ova of the female The 
nucleus appears to be in the germinal vesicle condition No distinct 
chromosomes nor a nuclear network can be seen The nucleus takes an 
almost uniform dark stain An interesting feature is the presence in the 
nucleus of each ovum, of a large number of nucleoli They vary from 16 to 
27 in number This is another feature in which the testicular ova resemble 
normal ova of the female, where also multiple nucleoli are met with. At least 
in one of the ova, the nucleoli are eactruded into the cytoplasm and a number 
of them occur scattered all over the c3rtoplasm (Fig 6) An extrusion of 
nucleoli into the cytoplasm is common in normal ova also In one of the 
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Fig 6 


oocytes a cap of granuU^s is found in relation with the nucleus (Fig 7) I 
believe these are mitochondrial granules It is obviously hazardous on my 
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part to attempt to discuss the cytology of these cells, seeing the paucity of 
the material at my disposal and also the absence of any particular methods 
for this type of cytological work (the material was fixed in Flemming's 
fluid with acetic acid and later the sections were bleached in hydrogen 
peroxide for the study of the chromosomes) However, a few tentative 
conclusions can be arrived at as a result of the examination of the material 
at my disposal The Apoda obviously fall in a line with other Amphibia, 
especially with the Anura, m the occurrence of ooc3rtes normally in the 
testis Witschi (1934) has discussed at length tlie origin of such oocytes 
in normal adult testis in Anura and assigns two important reasons for their 
occurrence (1) A passive conveyance of the eggs from the cortex to the 
medulla by the sex cords in young specimens belonging to sex races of the 
undifferentiated type , and (2) A transformation of primitive goma into 
ovicells by their enlargement and by a change in their nuclear organization 
Ova which have been derived by the latter method are usually intratubular 
This transformation has been called * oviform degeneration ' I believe the 
ovicells found m the testis of Urmotyphlus narayam belong to the second 
type and have been formed by a transformation of primitive gonia The 
oocytes probably degenerate 
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EXPLANATION OF FIGURES 

Fio 1. Photomicrograph of the longitudinal section of a testia lol>e of Vrasotyphluu 
narayant showing an ovicell in one of the locales of the testis x 38 
Fig 2, The ovicell enlarged to show the multiple nucleoli x 195 
Fig 3 Photomicrograph of another ovicell showing an aggn^gation of what are prob- 
ably mitochondria in relation with the miclous x 165 
Fig 4 Photomicrograph of the third ovicell x 105 
Fio 6 Drawing of the ovicell seen in Figs 1 and 2 x 5,3d 

Fig 0 Drawing of the ovicell seen in Fig 4 showing the disinbulicn of the extruded 
nucleoli m the cytoplasm x 53,3 

Pig 7 Drawing of the ovicell seen in Fig 3 showing the distribution of the mito- 
chondnal granules in relation with the nucleus x 533 
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TWO NEW ADDITIONS TO THE LIST OF THE 
INDIAN ASPERGILLI 


By Coi, I Froilano de Meu.0 

{Prom Medtcal College, Nova fi6«) 
Uersuved May 30, 1030 


To the list of the Indian Aspergilli given by Chaudhun and Umar' I will 
add two species, hitherto not recorded in Indian flora 

They have been found as saproph 3 rtes in the scrapings of the first 
of chromoblastomycosis found by me in India, and provement from 
Karachi, where the patient saw the beginning of his lesions since some ten 
years ago 

The cultures were obtained primarily in petn-dishes of glucosed and 
maltosed Sabouraud and have been sent to the mycological collection of 
Central Bureau voor Schimmelcultures, Baarn Holland, where they are 
kept 

I Aspergillus japontcus Saito {Bot Magazine, Tokyo 1906, 20) 

Cultures Maltosed Sabouraud On the 2nd and 3rd day the culture 
has a white dirty, somewhat brownish tone On the 4th day the colour 
resembles coffee powder From the 6th day forwards the culture a 
somewhat violet stain 

Glucosed Sabouraud idem 


Plain agar very weak development 
Potato idem ut Sabouraud 


Milk on 4th day a greyish membrane at the surface, soon covered by 
a coffee violet powder ' 

Measurements Comdtophores max 672 6 micros , min 264 • 
Columella (expanded extremity of the comdiophore which supports thi 
Stengmata) generally ovoid, with the large diameter measunng 26 to 48 
microns and the small one a little more than half of these dimensions • 
Stengmata, single, 6 6 , Comdta, round 2 ^ . Head (columella +steriHnii 
+ comdial chain) max 118, min 46 ^ 

This spates which resembles A ntger and A atropurpureus Zimm. 
differs from them by its stengmata which are simple and by its 
218 
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which, being, first, dirty white with a brownish tone, becomes at least of 
coffee powder colour with violet refiexes 

The work of the cultures, drawings and measurements has been done 
with the collaboration of my pupil Barboza Barreto, to whom my thanks 
are due 

II Aspergillus carbonartus Bam {Bull Soc Boi Fr . 1880, 27) 

Cultures Maltosed Sabouraud whitish, cotton-like on the 2iid day, 
with some black points scattered on the surface, since the .Ird day, and 
becoming entirely black with erect comdiophores of 1 to 2 5 mm visible 
at naked view, supporting blackish heads resembling chimney black 

Glucosed Sabouraud idem Plain agar nihil Potato, simple and 
glycennated idem Carrot idem Glyoerinated carrot mhil Liquid media 
(milk, Langeron, Bouillon, Vegetable Bouillon)-surface soon covered by 
black powdery and very thick layer of heads and spores 

Measurements Comdiophores max 2500 microns, min 350 , Columella 
round and ovoid Diameter of the round ones 90 Dimensions of the 
ovoid ones 75/50 , Conidia membrane warty , 4 to 5 microns diameter, 
Stengmata Primary 6-7 microns , Secondary, very small and hardly 
visible , Heads max 900, min 200 

N B — ^In both these species penthecia were not found 

Inoculated to rats and rabbits subcutaneously, intraveinously and 
intraperitoneally, both these Aspergtlli were found innocuous 

The cultures, drawings and measurements of this species have been 
done with the collaboration of my pupil Estevam Afonso, to whom my best 
thanks are due 

Resumd To the list of Indian Aspergilli, recorded by Chaudhuri and 
Umar in 1938, two more species are added A, carbonartus Bain, 1680, and 
A, japontcus Saito, 1906 
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COMPOUNDS OF PHOSPHORUS IN MILK— I 


By B N Acharya, M Sc 
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{From the Chemxalry Laboratories, 'Wilson College, Bombay, 7) 

Ont^ituilly roceived October 14, Itf’iS 
Received in revised form August 6, 1930 

Ai<though phosphonis compounds of nulk have been investigated by 
many in the field, their classification and general nature arc still incom* 
plete and obscure 

Jordan Hart and Fatten^ have estimated the total phosphorus in the 
whole milk and in its acid-soluble portion , they have also estimated the 
amount of organic phosphorus in the acid-solublc portion 

Lenstrup* states that there are four different forms of phosphorus 
compounds in milk which can be estimated 

Total phosphorus 


Aad-soluble P Acid-insoluble P 


Inorganic P Organic P Protein P Lipoid P 

He separated the acid-soluble phosphorus compounds from the aad- 
insoluble by picnc acid Inorganic phosphorus is then precipitated from 
the acid-soluble fraction by adding ammoma-magnesia mixture, leaving 
organic phosphorus in the solution He analysed the acid-soluble fraction 
and the portion containing organic phosphorus 

Ldddecke* found that picnc acid in cold slowly attacks lecithin on 
standing Therefore Graham and Kay* used tncfiloracetic aad as a preci- 
pitant instead of picric acid In their paper {he ett) they state that 
their values for inoigamc phosphrous are vitiated by the possibility of the 

* Anur J. PhvtM , 1906, 16, 268. 

* J, Biol Chsm., 1026, TO, 108. 

* Inatuifwol DUo Uunteh, 1006. 

< J. Dairy Bto , 1088, 8, 54-62-63-74. 


B1 


221 



222 


B N. Acharya and S. C. Devadatta 

organic phosphorus from compounds of the type phosphagen, decomposing 
in presence of strong acids 

W Hochheimer® found hexose mono-phosphonc acid, pyrophosphate 
and adenosine triphosphoric acid in cow*s milk 

An attempt to find the nature of phosphorus compounds in the buffalo's 
milk available m Bombay City, is made in this communication 

Experimental 

Compounds of phosphorus in the acid^soluble portion of milk were 
estimated by employing the methods developed by Eggleton and Eggleton* 
for muscle tissue, with some modifications 

To obtain the acid^soluble portion of milk, 0 5 c c of milk was taken 
in a centrifuge tube, 2 5 c c of water and 2 c c of 25 per cent trichlor- 
acetic acid were added, and centrifuged The acid extract was neutralised 
by the addition of finely ground hsLiyta until neutral to phenolphthalein 
(% e , pH ~ 9) The mixture was centrifuged and decanted The liquid 
separated from the precipitate is called Fraction B The precipitate (Frac- 
tion A) was dissolved in a drop of concentrated hydrochloric acid and 
diluted to 10 c c with water 

Fraction A —The orthophosphate was detected by Bngg's method 
before any hydrolysis had set m The pyro- was estimated by lyohman's 
method ’ The organic phosphorus was looked for after the solution was 
oxidised by sulphuric acid and 100 volume hydrogen peroxide, and hydro- 
lysed In all estimations a quantity of solution expected to contain 
0 15 to 0 2 mg of phosphorus was used 

Fraction B — This contains hydrolysable and non-hydrolysable orgamc 
phosphorus compounds soluble in barium hydroxide at pH 9 

Hydrolysable phosphorus — To estimate the amount of phosphorus 
associated with the hydrolysable orgamc compounds, the solution was 
hydrolysed with 2 c c of 6 5 N Sulphuric acid for sixty minutes at ordinary 
temperature before the application of Brigg’s method 

For Non-hydrolysahle phosphorus, the total amount of phosphorus 
in this fraction was estimated by the method of oxidation and hydrolysis 
referred to already The difference between this amount and that due to 
the hydrolysable variety gives the amount of phosphorus associated with 
the non-hydrolysable orgamc phosphorus compounds 

* Kindvrhehk, 1002, 54v 40-64 

• J Phyeiol , 1020, 6S, No 2, 103 

V fiwchem Ze%U, 1028, 208, 172. 
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Whole imlk and the actd-tnsoluble portion of mtUt were separately oxi- 
dised and after complete hydrolysis, Bngg's method was applied for the 
estimation of phosphorus We have been able to check up the values 
obtained by direct estimations by companng with those obtained indirectly, 
» « , by difference 

The acid-insoluble portion of milk was analysed for Itpotd phosphorus 
and casein phosphorus 

For the estimation of lipoid phosphorus the method adopted was that 
of Graham and Kay {loc cit ) 

Casein in milk was obtained by Hammerstein method,* and the phos- 
phorus content in it was estimated by subjecting it to oxidation and hydro- 
lysis as in the cas^ of whole milk 

Results and Discussion 
Tabie I 

Composition of Milk 
(In gm per 100 c c of Kilk) 


Expt 



Fat 

SNF 

Casein 

Ijaoiofe 

Ash 

Chloride 

1 

1 020 

17 80 

8 60 

0 30 

3 42 

4 02 

0 721 

0 0648 

2 

1 028 

16 36 

8 36 

8 00 

3 13 

4 05 


0 0623 

3 

1 030 

20 44 

0 24 

11 20 

3 02 

4 00 

0 810 

0 0720 

4 

1*030 

21 63 

9 63 

12 00 

4 18 

4 55 


0 0766 

6 

1 030 

80 30 

0 45 

10 Ot 

3 06 

4 65 

0 803 

0 0723 

6 

1*031 

21 66 

0 70 

11 08 

4 26 

4 20 

0 864 

0 0778 

7 

1 031 

21 66 

0 70 

11 08 

4 28 

4 23 

0 861 

0 0775 

S 

1 030 

18*63 

7 37 

10 03 

3 68 

4 08 

0 765 

0 0680 


1 030 

10 20 

0 48 

11 88 

3*83 

e 

4 08 

0 703 

0 0720 

10 

l-OSl 

21 86 

8 91 

11 03 

4 06 

1 4 04 

0 801 

0 0723 

Avenge 

1*030 

10 03 

9 03 

10 01 

3 87 

4 74 

0 708 

0 0717 

StMiderd deriaUtm 

1 0*000 

±0 20 

:kl 8 

± 1 015 

1 

dll 048 

±0 24 

dbO 048 

±0 0025 


fi N.y - Solidt net UX 


• Z, PktsM. Ckim., 1888, 7, 227 . 1885, 9, 278. 
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TABI.S II 

Analysts of Ash of Mtlk 
(In gma per 100 o o of Milk) 


Expt 

Aah 

Calcium 

Phosphorus 

Ratio 

Ca0/p205 

1 

0 721 

0 1S2I 

0 0800 

1 101 

2 

0 703 

0 1482 

0 0710 

1 276 

3 

0 810 

0 1717 

0 0820 

1 091 

4 

0 862 

0 1828 

0 0873 

1 270 

5 

1 0 803 

1 

0 1723 

0 0803 

1 300 

e 

0 864 

0 1830 

0 0875 

1 278 

7 

0 86) 

0 1828 

0 0874 

1 279 

6 

0 766 

0 1603 

0 0776 

1 272 

0 

0 703 

0 1073 

0 0790 

1 290 

10 

0 801 

0 1608 

0 0802 

1 204 

Average 

0 708 

0 2326 
(as CaO) 

0 1806 
(as PaOe) 

I 263 

Standard deviation 

±0 048 

±0 20 

di 0 036 

±0 071 


Tabi<e III 

Analysts of Compounds of Phosphorus 

(FaroenUgr ol Tot»I Phoaphonu) 


I 

IX 

in 

Ko 

Aoid-solublc 

Fraction B 

Fraction A 

t 


P 

EHilyhyd F 

Non hyd P 

Non hyd P 

Ortho-P 

Fyro-P 

1 

78*27 

9 22 

4 88 

9 60 

42 39 

18*81 


76 50 

7 88 

1 

4 68 

8*91 

89 87 

12*59 

3 

70 00 

0 49 

4 77 

8*64 

89*82 

ii*ia 

4 

78*00 

9<90 

4 66 

8 72 

41*09 

U'as 

6 

77 26 

9<ae 

4*90 

9*57 

40 10 

13 09 


(Hyd iHydrolyuU*) 



























225 


CotH pounds of Phosphorus tn Mtlk-~l 
Table IV 

Concentraixon of Different Types of Phosphorus 

(In mg per i<H> o c of Milk) 



1 

2 

3 

4 

5 

Expi 

Total phot) 
phoruB 

Total acid- 
Holublc P 

1 

Total atid- 
insoluble r 

Fraction 13 

Fuaction a 

Eahiiv 
hyd P 

Non hyd 
P 

Non hyd 
P 

Ortho- 

P 

Pyro 

P 

1 

no 03 

80 10 

24 20 

10 20 

5 40 

10 52 

46 90 

16 28 

2 

128 50 

07 10 

31 26 

10 14 

0 02 

11 50 

51 26 

16 18 

3 

120 10 , 

91 20 

27 32 

11 40 

5 73 

10 38 

47 83 

16 97 

4 

106 83 

83 00 

21 98 



9 32 

43 80 

13 76 

6 

124 00 

96 50 ' 

27 03 

12 07 

6 02 

11 95 

50 09 

16 32 

0 


98 33 


12 30 

0 14 

12 20 

51 20 

16 20 

7 


78 60 


9 83 

4 91 

9 76 

40 56 

12 15 

8 


76 44 


9 56 

4 77 

9 48 

39 84 

n 81 

9 


83 V2 


10 42 

5 19 

10 32 

42 89 

12 86 

10 


74 46 



4 65 

9 **4 

38 45 

11 16 

U 


78 90 



5 01 

9 79 

41.20 

12 20 

12 


76 96 


9 90 

5 99 

9 999 

41 99 

12 30 

13 


86 40 



5 30 

10 72 

45 10 

13 30 

14 


06 32 


12 04 

0 01 

11 95 

50 12 

14 89 

15 


95 45 


12 00 

5 96 

11 84 

49 62 

14 76 

Av«Tage 

118 20 

86 87 

26 48 

10 70 

0 02 

10 00 

45 4 

13 05 

Standard 

deflation 

± 2 66 

i: 2 98 


± 0 96 

±0 03 

± 0 05 

± 1 34 

^ 1 61 
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Tabi,e V 

Actd-tnsolvble Fr action of Mtlk 
Concentration of Different Types of Phosphorus 
(In mg per 100 o c of Milk) 


Kxpt 

TotolP 

Total aoid 
insoluble P 

Casein P 

Lipoid P 

1 

126 2 

20 36 

22*08 

3«60 

2 

113 4 

22 03 

20 20 

4 47 

3 

ns 0 

30 08 

27 26 

4 20 

4 

123 4 

25 23 

22 06 

3 04 

Average 

122 9 

25<08 

23 36 

4 00 


Table VI 


Concentration of Creatine 
(In mg per 100 o c of Milk) 


£xpt 

Creatinine 

Creatine 

Creatine 

phosphorus 

aoid 

1 

0 734 

1*287 

2 073 

2 

0 620 

1 206 

1*042 

3 

0*603 

1 324 

2 132 

4 

0 746 

1 643 

2 486 

0 

0 483 

1*704 

2 744 

6 

0 000 

1 604 

2*663 


In Older to see the average variation in the composition of milk 
several samples were examined Analyses of some of the samples are 
given in Tables I and II These variations however do not affect onr 
results of the detailed analjrses of milk, as the relative amounts of phos* 
phoTUs compounds do not change {vide Table III) 

Table IV gives the different types of compounds of phosphorus in mg 
per 100 c c of milk It will be seen that 73 6 per cent of the total 
phosphorus in the whole milk is soluble in trichloracetic add, which is in 
agreement with that obtained by Graham and Kacy {he. dt ). 
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In the Eicid-soluble portion of milk GrahAm and Kay have found 
66 2 per cent of the total phosphorus in the inorganic form and 9 8 per 
cent as organic, which they call esters From our method, the results of 
which are given m Tables III and IV. it is seen that only 60 24 per cent 
(ortho + pyro) of phosphorus constitutes inorganic variety and as much as 
24 27 per cent is in the organic form The lower value for the morgamc 
variety was expected as the easily hydrol> sable organic phosphorus com- 
pounds in Fraction B were separated from the morgamc by adjusting the 
acid extract of milk to a pH 9 with baryta A study of the nature of this 
variety accounts for the incorrect values obtained by Graham and Kay 

Frachon B — The jihosphorus in Fraction B exists in two forms 
(1) directly estimable by Brigg’s method and (2) obtained after oxidation 
and hydrolysis The former constitutes 9 1 per cent and the latter 
4 8 per cent of total phosphorus [vide Tables III and IV) 

The easily hydrolysablc phosphorus changes into ortho condition of 
Fraction A, in presence of trichloracetic acid, on heating or on dialysing 
the milk This organic variety is, therefore, mistaken for the morgamc 
type 

In order to find the nature of these organic phosphorus compounds 
vanous substances were looked for But, except for creatine and lactose, 
the indentity of other substances could not be established Creatine in 
milk was estimated according to Masayoshi Sato and Kuchi Murata * 
The amount of creatine found in milk is given in Table VI, column 2 It 
IS likely that creatine might exist as creatine phosphoric acid which is 
hydrolysed by acid This creatine phosphorus unlike in the case of muscle 
(Eggleton, he at ) accounts only for a part of the hydrolysable variety 
Therefore some other substance may be associated with this organic 
phosphorus 

It 18 not clear in what form lactose exists in milk It has been sug- 
gested by Mai Monatsschr^o that lactose is bound up with phosphorus in 
loose combination If so only a very small amount of lactose present in 
wiillr will be used in this combination This point reqmres further investi- 
gation 

FracUon A — ^In Tables III and IV are given the amounts of the 
compounds of phosphorus, insoluble at pH 9 in presence of barium 
hydroxide It will be seen that this fraction is divided into three types 


* J, AgH. Chtm , 8oo Japan, 1833 , 0 , 1 - 5 . 
XtndtAuMt, 1982 , 51 . 801 - 82 . 
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ortho, pyro and non-hydrolysable phosphonis From Table IV, ccdtimn 
5, It IS seen that 38 >42 per cent of the total phoq>horus is in the ortho- 
aud 11 8 per cent in the pyro- condition The non-hydrolysable variety 
forms 9*1 per cent of the total phosphonis 

The amount of phosphonis in the acid-insoluble portion of milk is 
given in Table IV, column 3 It may be noted that 22 4 per cent of the 
total phosphorus, which is present in the acid-insoluble i>ottion, consists of 
lipoid phosphorus 3 7 per cent , and casein phosphorus, 19 per cent 
(refer Table V) 

It will be seen thus from the above discussion that we have been able 
to establish the existence of five independent types of phosphonis com- 
pounds ortho, pyro, orgamc phosphonis compounds insoluble in barium 
hydroxide at pH 9 and hydrolysable and non-hydrolysable organic phos- 
phorus compounds soluble at pH 9 , over and above these the aad-insbltt- 
ble phosphorus consists of casein phosphonis and hpoid pho^horus. The 
amount of phosphorus present in these seven vaneties are estimated 
directly, as shown below in mg per lOOcc milk — 

Total phosphorus 
118-20 

^ I 

Acid-soluble P Aad-insoluble P 

86 87 26 48 

■ I 

Baryta j | 

Casein P I,ipoid P 

23 -36 4 -06 

Soluble Insoluble 


Non-hydro- Hydro- 
lysable P lysable P 
6-62 10-70 



10-60 
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Caecium, magnesium and phosphorus are capable of forming both soluble 
and insoluble salts, but the mode of formation of the latter will be of great 
interest Some workers have drawn their conclusions regarding the salt 
formation in milk from the analysis of the scum formed after heating the 
milk , others generalised merely on the strength of their experiments of 
dialysis or of ultra-centrifuging and so on 

Van Slyke and Bosworth’ have shown that milk contains CaHPO^ on 
the results of their ultra-centnfuge expenments 

Soldner and others* have found that on heating milk a scum is deposited 
which IS mostly tncalcium phosphate Ca3(P04)t, concluding its presence 
originally in milk 

Palmer* however thinks that CaHP04, stabilised with gelatine, forms 
a precipitate of colloidal calcium phosphate on heating 

Vanous workers* have studied the effect of dialysis of milk and tried 
to draw inferences about the composition of salts in milk which do not seem 
to be definite Considerable divergence in their observations is to be 
attnbttted to the fact that the cxpenmental conditions were different in 
each case 

Casetfi — a phospho'protein body in milk was also subjected to vanous 
expenments Somer and Hart* state that casein forms some kind of loose 

* J. BM. Cham , 1016, SO. 188 , 1010, 84^ 188 

* EUdnsr, Landw, Ttreuehte 8tai, 1885, 86, 361 ; d« Vnes and Boukhout, Ibid , 
1901, 66, 201; Purvis, Brehs it and M’Hattie, J Bay San Inet,, 1012, 88, 164 
Orosssr, BtoOttm. Z., 1918, 68, 422 , Dlffloth, Butt Set Fhamtaeol , 1904, 10^ 278 

* Proo Soe Bap, B%ol Utd , 1021 

* Oyorgy, Bwdum Z., 1028, 148, 1 , Mattlek and HaUett, J Agnc 8ei., 1928, 19, 

462 i WardUw, J, Boy. Boo 1014, 48, 268, «to 

* J, Biot. Chom., 1919, 40, 187 
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compound with calcium It is reported that casein on suspension in water, 
or on heating for some time, loses some of its phosphorus • Berggren’ is of 
opinion that the phosphorus of casein is more loosely bound than is usually 
supposed 

To get an insight into the distribution of calcium, magnesium and phos- 
phorus in milk the problem of the composition of milk is to be approached 
in several ways In the present investigation estimations of phosphorus, 
calcium and magnesium were made under varying conditions First of all 
milk was divided into two portions soluble and insoluble in trichloracetic 
acid (2 c c of 25% acid for 0 5 c c of milk diluted to 3 c c with water) 
Next the amounts of the constituents of whole milk which are dialysable 
were differentiated from the undialysable Lastly fresh milk was heated 
after removing the fat, till scum was formed The scum was analysed 
The residual milk free from scum was divided into two portions — soluble and 
insoluble — in trichloracetic acid 

For the estimation of phosphorus Brigg’s method was used For 
calcium, the method of Masayoshi Sato and Kuchi Murata* with a few 
modifications was adopted Magnesium was estimated by the usual gravi- 
metric method 

Results and Dtscusstons 
Table I 

Amount of Total, Actd-Soluble and Actd-Insoluble Phosphorus, Caktum 

and Magnesium 

(In mg per 100 o o of Milk) 




2 

3 

No 

Totnl 

Aoid Soluble 

Aoid Insoluble 


D 

Ca 

Mg 

mm 

Ca 

Mg 

B 

Ca 

MC 

1 

m 2 

148 2 

18 42 

too 30 

90 26 

17 23 

25 36 

48 00 

M9 

2 

113 4 

146 3 

14 31 

02 36 

98 24 

13 30 

22 03 

48 28 

1 01 

3 

123 6 

152 4 

10 03 

07 10 

101 34 

*18 31 

30 08 

50 48 

1 32 

4 

123 4 

149 2 1 

18 83 

06>M 

08 34 

17*52 

26 23 

50 50 

1 31 


128 00 

m 

18 00 i 

06*57 

00 30 

16 69 

25 68 

40 38 

1 21 


* loinbavin, Ber , 1877, 10. 2237 , 1870, 18. 1021 
^ J Btol Chem , 1022, 06, 461 

* J Agr Chem, Soe Japan, 1083, 834-36 
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Tabi,e II 

Analysis of the Scum and the Mtlk after removal of Scum 

(In mg por 100 c c of Afilk) 



1 

2 

3 


Total 

Aoid Soluble 

1 

Acid-lnHuluble 


P 

Ca 

Mg 

P 

Ca 

Mg 

g 

(*a 

^ Mg 

Whole milk 

126 4 

148 20 

18 42 

100 do 

99 20 

17 23 

25 40 

48 00 

1 89 

Milk heated and 
scum removed 

99 64 

BO 20 

10 10 

78 04 

71 63 

9 60 

21 06 

15 60 

0 60 

Soum 

27 40 

64 UO 

1 

8 00 








Soutnis derivodfrom Uio acid Rolnbic and acid iHHoIublc fractioiiH 


Table III 


Amounts of Dtalysable and Undtolysable Phosphorus, Calcium and 

Magnesium 

(In mg per 100 c r of Wilk) 


1 

! 

Time in 
hours 

I 

11 

in 

Total 

])ial>Hablo 

Ujidialysable 

■ 

Ca 

Mg 

■Q| 

■ 


■1 

Ca 

Mg 

0 

126 4 

148 <2 ! 

18 42 


m 

H 




6 




43 20 

44 32 

10 42 

82 68 

102 94 

8 00 

12 




47 63 

48 06 

12 30 

77 35 

99 83 

6 03 

18 




53 93 

53 58 

14 00 

71 96 

94 63 

442 

84 




60 32 

60 00 

10 10 

64 90 

98 32 

2 32 

SO 




60.32 

m 



86 28 

2 10 


The above reeulta show that even before twenty four hourft all the (maximuni) dialysable eon 
•titaentf have passed out la the dialysate 
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Tabib IV 

Amounts of Dtalysable and Undtalysable Phosphorus, Caktum 
and Magnestum 


(In mg per 100 o c of Milk) 

{Results of 30 hours Dtalysts of the same Four Samples of Mtlk used tn 
Table I, respecUvdy) 


1 

2 

3 

4 

DlALVeXfiLB 

Unoialysablx 

UNDIALYHABLa At ID 
SOUTBLK 

Ukdialysablb Acid 
Inmolvbls 

0 

P 

(•a 

Mg 

M 

Ca 

Mg 


1 

Ca 

Mg 

p 

Ca 

Mg 

1 i 

A2 2d 

(It) 20 

l« 32 

63 U 

80 28 

2 10 

43 30 

51 48 

1 02 

14 20 

33 40 

Traces 

2 

52 90 

50 30 

12 23 

59 17 

89 10 

2 08 

46 38 

47 90 

1 07 

12 20 

40 34 

*■ 

3 

62 40 

50 40 

16 80 

65 32 

91 «0 

2 77 

4ft 20 

so 50 

1 16 

1 16 87 

40 S3 


4 

65 35 

55 10 

15 93 

60 OS 

82 40 

2 90 

47 86 

49 20 

I 20 


32 82 

» 


68 32 

53 00 

15 36 

03 65 

87 35 

2 40 

47 83 

49 82 

1 11 



■ 


B — Sum of I and 3 la more than the aoid soluble of column 2 in Table I For explanation 
see text 

Similarly 4» aoid insoluble contents on dialvsis are less than that in oolumii 3, Table 1 

Tabi,b V 

Analysts of Mtlk Dialysed for 6 and 30 Hours (Undtalysed Actd- 
Soluble and Insoluble Fracitons ) Concentration of Phosphorus, 
Calcium and Magnestum 

(In mg per 100 o o of Milk) 



1 

2 

3 

4 


CXsein 

ToT^L 

Acid Sotubl* 

Acid Insolublb 


in gm 

n 

m 

*4i 1 

H 

Ca 

Mg 

a 


Mg 

WbM« milk 

3 2 

120 4 

148 2 1 

18 42 

100 30 

99 26 

17 23 

25 30 

48 00 

MO 

Mdk dialysed for 
Ohrs 

2.0 

78 46 

103 04 


61 00 

83 00 


16 80 

) 

40 14 

• 

Plalysate after 
Ohrs 


44 46 

44 62 

10 42 







Mtlk dialysed for 
aObrs 


03*13 1 

80 26 

2 10 

48 86 

51 48 

1*20 

14 13 

33*46 

4 

3>ialysat6 


03 23 

00 20 

10 32 

e 




a e 



S In TaWea !!» HI and V, the values obtained in the oeae of anexperiinentf i,t , otteeanple 

of milk arc given The proceui of heating and dialyaii being lemi-tiiiaiitftatlTe, the 
other three sets of retidlngs obtained are not Identfoid eith these TalofW ea to to be 
expected, but are simlar to them and lead to the same oonelnaf^M, They ai^ 
reprodaoed bgie» 
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Tabi,e VI 

Amowni of Phosphorus tn the Unixalysdble Actd-Soluble Fraction 

(In mg per 100 o c of Afilk) 

yls Trtcalctum and Magnesium Phosphate 


Expt 1 

j 

a 

b 1 

a — 6 »=* c 

Free phoaphoruB, 
as undialyaablc 
aoid aojnble 
phoBphorua 

Phoaphurua aa 
Ca, (PO«), 

PhoHphoruH as 

aa 

Phosphorus in 
organic com 
pounds 

1 

1 

48 86 

26 61 

1 030 

21 22 

2 

46 38 

24 77 

0 922 

21 fi6 

3 

48 20 

20 12 

0 999 

21 08 

4 

47 86 

26 46 

1 030 

21 38 


1 Actd-insoluble Phosphorus, Calcium and Magnesium —The amounts 
of phosphorus, calcium and magnesium m milk, acid-soluble, and acid- 
insoluble fractions are recorded in Table I It can be seen that the amounts 
of acid-insoluble phosphorus, calcium and magnesium are 26 68 mg , 
49 82 mg and 1 21 mg respectively It is clear that the concentration 
of the acid, or more accurately pH of the resulting solution is such that all 
the calcium and the magnesium salts such as carbonates, phosphates, etc , 
must be soluble. The only source of phosphorus, calcium and magnesium 
most be, therefore, from those substances which are precipitated by the 
acid, t e , the proteins mainly casein (lactoalbumm and lactoglobolin) It 
has been shown that the acid-insoluble phosphorus consists of casein 
phosphorus plus lipoid phosphorus * 

The next question is to trace the source of calcium and magnesium 
It IS si^tgested that calcium must be in the form of a loose compound kke 
calcium caseinate But if we look at the molecular proportions of 
calcium and magnesium and that of casein, no direct relationship is appa- 
rent A more plausible explanation, however, appears to be the adsorption 
of the calcium and the magnesium ions by casein complex molecules, to 
form a colloid system and that the acid coagulates this colloid and the ions 
of calcium and magnesium are adsorbed by the coagulum 


* Aobmym and Devadstta. Proe Ini Acad Set , same Tolnma* 

M Van Btrka aad Boaworth, d Biol, Chem , 1015, SO, 135 , 1010, 24, 100 
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2 Scum of the Milk — Fresh Milk on mere heating gives rise to a scum 
which when dry has the following composition — Phosphorus 27 >4 mg , 
Calcium 64 00 mg , and Magnesium 8 00 mg per 100 c c of milk (refer 
Table II) The explanation of this scum formation is (1) the coagulation 
of some constituents which are dispersed colloidally and (2) the formation 
of insoluble salts — ^both as a result of heating The former phenomenon 
IS evident and needs no comment If this scum was derived exclusively 
from the colloidally dispersed constituents, we should expect that the acid- 
insoluble portion of milk, free from scum on analysis, should show a decrease, 
corresponding to the amounts of pho^horus, calcium and magnesinm 
found in the scum , but it should not afiect these in that portion of milk 
which is acid-soluble It is observed that there is a decrease in the acid- 
solublc constitutents also Some colloidal substances like calcium and 
magnesium phosphates have been coagulated There is also the precipita- 
tion of acid phosphates, and carbonates of calcium and magnesium, which 
before heating, in the form of acid salts, are more soluble in water than the 
normal salts On heating milk for a long time in presence of few drops 
of methyl orange, a decrease of acidity was observed 

3 Water-soluble and Water-insoluble Constituents — .It is seen from 
Table I that the amounts of phosphorus, calcium and magnesium that are 
soluble in acid are respectively 96 67 mg , 99 *30 mg , and 16 *59 mg per 
100 c c of milk Milk may contain calcium and magnesium as carbonates, 
phosphates, lactates, etc , both in the form of normal salts and of aad salts 
To estimate the amounts of acid salts — soluble in water, milk was dialysed 
for 30 hours against distilled water, and the dialysate was analysed In 
Table IV are given the amounts of dtalysable and undialysable phosphorus, 
calcium, magnesium, in mg for 100 c c of milk, t e , soluble salts P >> 58*32, 
Ca n 58 00 and Mg 16 36 mg , and insoluble salts P bb 63*66, 
Ca 87 36 and Mg -» 2 46 mg 

For a particular sample shown in Table V it can be seen that the 
amounts of phosphorus, calcium and magnesium that pass out of the bag 
during dialysis for six hours are, 44 46 mg , 44 *62 mg and 10 42 mg 
respectively The constitutents which are not dialysable but solutde in 
acid are — phosphorus 61 00 mg , calcium 63 *00 mg and magnesium only 
traces Similar values are given for 30 hours dialysis On companng the 
^otal of dialysable and acid-soluble undialysed constituents. Table IV, 
columns 1 and 3, with the total acid-soluble constituents. Table I, column 2, 
there is an increase in the amounts of phosphorus, calcium and 
present in the acid-soluble (dialysable pim acid-soluble undialysable) 
portion, on dialysis It may be noted also that there is a correqiondiug 
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decrease in the acid-insoluble portion (undialysable) The increase in the 
amounts of acid-soluble constituents of phosphorus, calcium and magnesium 
amounts to 9*73, 8 52, and 1 11 mg respectively, on dialysing milk for 
30 hours (Table V) This is due to the fact that casein, which had adsorbed 
calcium and magnesium ions, on coming in contact with water becomes 
partly soluble, otherwise quite insoluble in acid Further, it can be seen 
that casein decreases in undialysable milk from 3 2 to 2 >9 gm per cent It 
IS also possible to detect some casein in the dialysate Therefore our as- 
sumption that the acid-insoluble phosphorus, calcium and magnesium as 
being associated with casein is corroborated (vide below) * 

i Actd-soluble Phosphorus, Calcium and Magnesium — Tha insoluble 
or undialysable fraction is further subdivided into acid-solublc and acid- 
insoluble parts From Table IV, column 3, it will be seen that the amounts 
of phosphorus, calcium and magnesium which are soluble in acid but 
insoluble in water are as follows phosphorus 4 7 83 mg , calcium 49 82 mg 
and magnesium 1 •!! mg per 100 c c of milk (c/ Table V) These amounts 
refer to such salts as tncalcium and magnesium phosphates If we look to 
the amounts of phosphorus we find that it is much more than what should 
correspond to tncalcium and magnesium phosphates as noted in Table VI 
That surplus phosphorus may be the portion of phosphorus combined to 
the acid-soluble organic phosphorus discussed elsewhere * 

Summary and Conclusions 

In conclusion, it may be said that the portion of milk insoluble in acid is 
mostly casein which had adsorbed some ions of calcium and magnesium 
The portion soluble in acid but insoluble in water consists of tncalcium and 
magnesium phosphates and organic phosphorus Scum which is collected 
after heating the milk is derived both from the acid-insoluble and from the 
aad-soluble portions On dialysis some aad-insolublc portion becomes 
water soluble The water-soluble portion of milk consists of acid phos- 
phates of calcium and magnesium The amounts of phosphorus, calaum 
and magnesium present in water, acid-solublc and insoluble fractions — and 
in scum of 100 c c of milk are recorded 

We are grateful to Mr P Id Barve for his lielpful suggestions 
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Introduction 

Sudan crass is a Grass Sorghum introduced into Amenca from the Sudan 
Its importance is because of its high forage value in Amenca and also in 
other parts of the world 5 sudanense belongs to the senes Spontanea, 
sub-section Arundtnacea, in the Eu-sorghum section of the genus Sorghum ^ 
Snowden after an intensive examination of several sorghums, both wild and 
cultivated, comes to the conclusion that the cultivated sorghums belonging 
tothesub«senesBuro/ona in the senes Sattva (also of sub-section Arundtnacea) 
are the products of some combination of 5 athioptcum (Hack ) Rupr ex 
Stapf and S sudanense, Stapf He thinks it probable that in view of the 
close affimties, 5 dochna (of the sub-senes Btcolorta) owes its origin very 
largely to 5 sudanense 

The reasons for this probable contnbution of S sudanense to the origin 
of some races of cultivated sorghum are (1) its ready crossing with culti- 
vated sorghums and the large number of grain sorghum natural crosses that 
occur in it, (2) its tough racemes, (3) the persistent pedicelled spikelets,* 
(4) the absence of deciduousness of sessile spikelets through callus formation,' 
(6) size and shape of sessile spikelets, (6) the arrangement of the qukelets 
in the panicle, (7) time of anthesis,* and (8) absence of hard seeds 

The studies presented in this paper represent expenences gained in the 
course of the examination of crops raised froih> fifty seed samples from 
various sources, including forty from Russia, dunng the last five years. 

Agro-Boiantcal Description 

Duratton — 80 to 110 days , Seedltngs — coleoptile deq> purple, purple, 
or green* ; SeedUng-Uaves — ^blmsh green or green* , LM/-sAeiiM--1>lackish- 
ptttple* , Nodal framf— purple, stray cases green* , AxU of Uaf-ahaath above 
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nodal band— purple, stray cases green , Aurtcular purple, stray 

cases green , Mtdrth — white* , Awn — ^long 9 to 11 mm , stray cases ml ; 
Stigma — very light yellow , Anther — (fresh), very light yellow, (dry) very 
light brown^® , Gram — brown in colour, enclosed m glumes , Glume — 
bleached blackish purple, stray cases unbleached , Pantcle — ^loose comcal, 
secondary branches adpressed (occassionally diverging), tertiary branches 
absent in some cases , Spikelets — arranged in a cymose fashion , Emer- 
gence — good, about 16 cm , Peduncle — about 40 cm long, hollow just 
immediately below the panicle , TtUers — 16 to 20, the main and primary 
tillers (almost contemporary to it) are both ummodal in internodal disposi- 
tion, the late tillers arising from the pnmaiy tillers are however of the 
uniform increasing type^^ , Bloom — very sparse, stray cases apparently 
nil« 

The studies on this Sudan grass could be grouped into (1) rare charac- 
ters that are common to S sudanense and S dochna (more a fodder than a 
grain sorghum), (2) characters experienced so far in Sudan grass only, and 
(3) those that are of evolutionary interest 

Rare Characters that are Common to S sudanense and S dochna — 

E-ligulate and Non-aunculate Condition of the Leaves — ^In a previous 
publication it has been recorded that the «-ligulate and non-aunculate 
condition in Sudan grass (gene Ig) is a simple recessive to the hgulate and 
auriculate condition^* (I«g) In many of the extracted types of Sudan grass 
from Russia an e-ligulate condition prevails When it occurs, the plant 
assumes an erect habit and looks compact and rigid (Fig 1) and the earheads 
are rod-like As in cultivated sorghums, in Sudan grass also, when the 
ligulc and auncle are absent, the pulvinus is absent (Fig 3) and there is a 
shortemng in the spikelet-free area in the base of pamcle branches and 
branchlets This leads to a compact head with pamcle branches over- 
crowded with spikelets The contrast between a loose head from a ligulate 
and auriculate plant and a compact head from an s-ligulate non-aunculate 
plant, IS well brought out in Fig 2 The occurrence of the «-ligulate 
condition has been recorded in S sudanense and in Broom corn (5 dochna 
var techmcum) This concurrent manifestation of the same rare character 
in both these sorghums is very significant in the support that it gives about 
the contribution of 5 sudanense to the evolution of 5 dochna 

Compact-spindle Pamde — Being a ' wild ' sorghum the pamcle in 
Sudan grass is usually loose and comcal A rare heterozygous mutation 
was met with m family Ko S 76 (Guntur collection) in which there occurred 
a segregation for panicle shape only, giving 161 plants with loose conical 
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panicles and 48 with compact spindle-shaped ones The unusual occurrence 
of this compact spindle (not the compactness associated with the K-ligulate 
condition) in this grass is significant This type of panicle (Paj) has been 
reported upon in S dochna This lends a second evidence to its affinity 
to S dochna 

Pedicelled Sptkelets with a Wash of Purple — The pedicelled spikelets 
in sorghum are usually unpigmented They are green when fresh and 
straw-coloured when dry In red-grained sorghums where the sap colour 
nvades even the pedicelled spikelets, a tap of the ripe head will dislodge a 
number of red coloured pedicelled spikelets This is one of the characters 
in the sap colour series associated with red-coloured grains ® In the case 
of the P and Q factor manifestations of purple pigments, i e , reddish-purple 
and blackish-purple of Icaf-sheath and glume, ^ the pigment never shows 
well on the glumes of pedicelled spikelets There is another type of mani- 
festation of purple pigment which is related to P and Q and which shows 
in certain African varieties only, even on the emergence of the panicle from 
the boot 

In most of the Sudan grasses a new type of manifestation of purple 
pigment (not of the P type) is met with It is the presence of this type of 
pigment that gives the characteristic purple-washed appearance to a fresh 
panicle beginmng to flower The purple-wash is seen on the first glume of 
the pedicelled spikelet which is the one that is most exposed to the sun 
When so exposed, the second glume is also coloured The colour is deeper 
at the base of the glume and is best seen at flowering time, but it disappears 
at about the dough stage of the gram This special manifestation of purple 
pigment is peculiar tq Sudan grass A gene designated PW is responsible 
for the mamf estation of the purple pigment mostly on the exposed first glume 
of the pedicelled spikelet in Sudan grass In the 1%, of family No S 76 
(Guntur collection) there was a 3 1 segregation with 1 64 purple-washed 
spikelets and 58 green spikelets It is interesting to note that this additional 
purple dominant gene which has dropped out m most of the cultivated 
sorghums^^* has been met with in Africa, an additional evidence of its 
being the home of sorghum This character was also met with m certain 
vaneties of S dochna from China The occurrence of this phenomenon in 
S dochna is an additional and third evidence for the probability of S sudor 
nense being a progenetor of the 5 dochna group of cultivated sorghums 

Characters Experienced in Sudan Grass Only— 

Banded-seedlings — Seedlings with chlorophyll deficient bands have 
occurred in Sudan grass (Guntur collection) The bands are prominent m 
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the broad first seedling-leaf •* They are white and are devoid of chloro- 
phyll The band may be at the tip, top, middle or at the sides of the first 
seedling leaf It is usually in a single and occasionally in more than one 
band The bands are I to 2 mm wide They may show in the second 
seedling leaf also This character expresses in seedhng-leaves only In 
stray cases the lower leaves in a tiller have repeated this experience The 
adult plants do not give a clue to this character In crosses between banded 
and normal varieties, the normal green condition proved a simple dominant 
character The Pg segregation gave 317 non-banded seedlings and 100 
banded seedlings. A gene designated cb is responsible for inducing 
albmotic bands in the seedling leaves of Sudan grass 

Seedling Habit — A study of seedlings in seed-pans shows that sorghum 
seedlings differ in habit These differences are minute in gram sorghums 
In Sudan grass with its characteristic tillering, seedling habit differences 
have however been perpetuated graphically There are pure lines in which 
the seedlings have a spread-out habit, the tillers making an angle of about 
46*' with ground level There are other pure lines in which the tillers are 
practically erect This seedling habit is best seen when the seedlings are 
about 4 to 6 weeks old It gets obscure on and after flowenng In crosses 
between the two types (Guntur collection) the open habit has proved a 
simple dominant to the erect habit In the Fg generation (family No 
S 86) 86 open and 30 erect seedlings were obtained A gene designated 
SO produces seedlings with an open habit 

Striping of Leaves — Regular striping in leaves is often pathological in 
origin Irregular and erratic stripes are aspects of maternal inheritance ** 
True breeding types with faint and regular white longitudinal stnpes on the 
leaf-blades have been recorded by Russian workers “ They note that such 
plants were weak Unlike their experience, which was probably due to 
poor populations good monogenic s^egations have been obtained 
between normal green and striped leaves, the figures from three segregating 
selections from family No S 173 from Russia being ISO and 32, 200 and 66, 
and 125 and 40 respectively A gene designated cs produces leaf-blades 
with thin white stnpes It is interesting to record the fact that when the 
leaves are stnped, a few glumes exhibit a similar stnping 

Bloom — ^In a previous paper the occurrence and inheritance of waxy 
bloom has been recorded ** Heavy bloom is a simple dominant to sparse 
bloom It was then stated that the wild smghum group in which was 
included S sudanense shows a distribution of bloom that is more sparse 
than in the gram sorghums The examination of many lines of Sudan grass 
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shows that, whereas the bloom is v'ery sparse in the majority of types, there 
occur types in the Guntur collection with a still sparser manifestation of 
bloom, bordering on absence On the leaf-sheath (especially on the boot at 
flowering time) and on the internode, the normal Sudan grass has a very 
sparse coating of bloom In the extremely sparse bloom condition, the 
internode is practically bloomless while the boot retains traces of bloom 
Segregations have been obtained for the very sparse and extremely sparse 
condition of bloom, the total of five families in both F* and F* being 219 
very sparse to 70 extremely sparse Another dilution gene seems to 
determine the lightness of manifestation of the bloomy condition The 
relationship of the four types is being woiked out 

Panicle — In this grass the primary branches of the panicle have 
pulvinii and make an angle with the central stalk The secondary branches 
lack the pulvimi and are therefore practically adpressed to the primary 
branches Whereas the majority of Sudan grasses have such adpressed 
secondary branches, there were found two pure lines one from Russia and 
another from Guntur in which the secondary branches had well marked 
pulvinii resulting in their being at about a nght angle to the pnmary 
branches giving the earhead a fulness in look m contrast to the sketchy 
appearance of the usual type (Fig 4) In crosses between the two types, 
the angular condition of the secondary branches has proved a simple domi- 
nant to the adpressed condition In the F| generation a monogemc segre- 
gation of 49 angular to 17 adpressed plants was obtained This behaviour 
was in a loose conical type (Pa^), in which the primary branches with their 
marked pulvimi ramified from the central stalk and made it easy to pursue 
this character The sparse-headed ' wild ’ sorghum has thus given a 
helpful clue to one of the constituents in panicle structure A gene 
designated Pag thus determines the angular disposition of the secondary 
branches to the primary branch In grain sorghums that are more highly 
evolved, other factors like compactness of the panicle and heaviness of the 
grain make it difficult to pursue easily the effect of this gene 

Another contribution that this * wild ’ Sudan grass has to make to the 
understanding of panicle structure, is the light that it throws on the arrange* 
ment of the spikelets on the panicle The sessile and pedicelled spikelets 
are arranged in the form of a cyme AU the sessile spikelets represent the 
main flower of the cyme and the pedicelled spikelets the lateral ones The 
whole arrangement is dichasial but with an alternate development (Fig 0). 
This why every sessile spikelet has a pedicelled one and the 

terminal sessile spikelet two pedicelled spikelets, one of which the ultimate) 
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has always a slightly longer pedicel than that of its mate All the sorghums, 
whether wild or cultivated examined so far conform to the above descrip- 
tion Tn the cultivated sorghums this is not qmte clear owing to the over- 
crowding of the spikelets In a cyme the middle flower is the oldest and 
flowers first This fact explains the second wave of anthcsis of the pedi- 
celled spikelets in the cultivated sorghums which has been described in 
great detail in a previous paper ** 

A proliferated earhead occurred in family S 52, a Sudan grass pure line 
from Guntur (I«'ig 6) In this the lower pamcle branches turned into 
vegetative shoots and thus evidenced the evolution of the pamcle from 
foliar organs It is noteworthy that some of the vegetative shoots however 
give out pamcles once again from some of their axils 

Characters of Evoltdtonary Interest— 

Tillering — The tillering habit is an important attribute of the 
Gramineee A tussock is a product of heavy tillering In the evolution of the 
cereals with their definite sowing and harvest time, a fairly uniform matu- 
rity of ear heads is a requisite Under crowded conditions, cereals can be 
few headed, provided they are fairly uniform in duration In sorghum a 
practically single stalked condition has been bred up from a many tillered 
condition by not giving full scope for the tiller buds to develop Although 
tillering is affected by spacing, the capacity of sorghum vaneties to tiller 
vanes with varieties Among the cultivated vaneties, S durra is normally 
non-tillenng and Petenta belonging to 5 caudatum is usually a tillering 
variety Tillering connotes wild vigour and non-tiUenng condition is 
brought about by cultural and selective operations, until the whole plant 
puts forth its undeviated vigour into the production of one large earhead 
The following expenences met with in Sudan grass help in understandii^ 
this valuable attnbutc of grasses, vtz , tillenng 

Among the many pure lines of Sudan grass that are being grown at 
the Millets Breeding Station, S 77 is one belonging to the collection from 
Guntur This was true to the tillenng habit in 1935 In 1936 the single 
plant selection earned forward from the 1935 crop, instead of coming pure 
as expected, segregated throwing out a few strange plants, anaemic, tillerless 
and absolutely single stalked (Fig 7) There were 78 plants with tillers 
like the parent and 20 of the strange weak group It was obvious that 
there had occurred a mutation heterozygous in nature Prom this ?■, 
an Ft generation was raised and the behaviour of _the selections is 
given below • 
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Tabw 


Salection 

Number 

Character of the 

P, Selection 

F| Behayiocir 

Tillering 

Ringle- 

stalked 

S 103 

Sjnglo-stMlkei 

• 

Pure 

S 106 

Tillenng 

Pure 

- 

S lO-i 

79 

Pure 


» 104 

1 

77 

49 

14 

S 100 

77 

70 

26 

S 107 

77 

96 

:2 

S 109 

77 

134 

18 


Totat. . 

349 

120 


Calculated 3 : 1 

361 76 

117 25 


X* = 0 080 P > 7 


It will be noted that 4 of the 6 tillenng plants were heterozygous and 
segregated again It is clear that the tillenng habit is a monc^enic domi- 
nant to the absolutely single-stalked non-tillenng condition which has been 
met with for the first time in this sorghum Out of the 120 single-stalked 
plants only 8 survived till maturity, the rest succumbing to the attack of the 
shoot borer In the pure line S 103. out of the 17 seedlings that germinated 
only one reached the stage of matunty Being weak, the main shoot dying, 
and unable to produce tillers (basal buds ab^nt), these anaemic plants are 
of very poor survival value Before discu^ng this phenomenon, the 
contrasting characters in the two groups, vtz , tillenng and absolutely 
single-stalked, are given below — 
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Charaot«r 

Tillering plante 

Single-atalked planta 

TiUen 

12 to 11 

Nil (baaal buda abaent) 

Vigour 

Healthy 

Sickly 

Seed lettdng 

Good 

Poor (10 to 10%) 

Ftoiole — 



Shape 

Loose and conical 

Compreaaed and rod like (Pig 8) 

Top 

Normal 

Kndingin a spur 

Numlier of uhorlo 

into 18 

10 to 12 

Pulvinui 

Present 

Abaent 

PrimftTy branohea * 

About 05° to the axis 

Adpreaacd to the axia 

SpikoletB and their dittnhution 

Muny, evenly distributed 

Few» crowded at tips of 
branohea (Fig 9) 

Seiaile iptkelctK— 


Number 

1000 to 1200 

Leas than 200 

Siae 

6 0 x 2 70 mm 

7 20 X 2 20 mm 

Senile Bpikcleto— 



Nature 

Conaceoua and abort nerved 

Papery and long nerved 

Length of neryee on glumes 

2 0 mm 

6 0 mm 

Pedioeiled spikeletc^ 



Number 

1300 to 1000 

Leas than 00 

Siie 

6*0 X 1*25 mm. 

Mere aoaleB or ahaeni 

Length of pedicel 

2 0 mm 

Do 

Floueriiig . | 

1 Ordinary 

Partly cleiatogamoua 


All these connote a pnnutiveness of equipment in the single stalked 
plant that has naturally not helped m the survival of this type in nature . 
The ready susceptibiUty to attack from the seedling-borer and the poor 
setting of seed make it difficult to perpetuate the single-stalked pure line. 

With the help of this experience it has now become possible to give a 
genic background to this common phenomenon of tillering A gene 
^ignated TX is at the back of the tillering habit in 5 mdanen$e 
Gene tz gives rise to an absolutely single-stalked (tiller-less) plant The 
capaaty to produce tillers is absent through the absence of buds at ground 
level This is different from the single stalk of the gram sorghum m 
which the buds are present and could be activated. The higher axillary 
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leaf^buds could however be stimulated into activity, but since the frame of 
the plant is so frail this potentiality leads to no fruitful result The spur 
that plumes the panicle seems to be the long central axis prolonged The 
tillenng habit, short coreacious glumes, short nerves on these and the 
presence of pedicelled spikelets — attributes of modern sorghums — show the 
great advance in their evolution 

Whereas the above experience chronicles a case of tiller versus no tiller, 
Sudan grass has afforded a second interesting experience in the nature of 
advance in the tillering habit Among the pure lines of Sudan grass there 
exist two distinct tillering types The majority of pure lines have the first 
shoot well ahead of the later straggling tillers In a few types the tillers 
flower practically along with the main stalk At the flowering time the 
two types are very readily distinguishable, tJie latter being weak In 
crosses between these two types the compai atively uu-uniform flowering 
type proved a simple dominant to the dead uniform flowering type In 
family No S 200, also from Guntur, there occurred a segregation giving 
64 plants with tillers maturing much later than the mam head and 22 plants 
with tillers maturing almost witli the main head The latter are shorter, 
their stalks are thinner, and the panicles arc smaller, and there are no late 
tillers It looks therefore that the lack of vigour in this group has been 
brought about by the over rapid activation of buds and the unspaced 
development of tillers arising from such activation 

A gene TU seems to be icsponsible for a gradual activation and delayed 
and spaced growth of tillers in Sudan grass Gene tu gives rise to a uniform 
activation, uniform growth and inatuiity and consequent weakness of the 
tillers and the plant in general These experiences in the tillering habit of 
Sudan grass are valuable in giving a clue to the fact that behind the vigorous 
tillering and the suppression of such tillers resulting in the singk-stalked 
condition of Sorghum — the Great Millet — there exist genetic factors 
whose detection is difficult, under the obscuring effects of continued 
cultivation 

Weak Midrib — Another phenomenon of great evolutionary interest 
is the weak midiib In a family raised from selection S 92 received from 
Trivandrum, which must have been a mutant (heterogygous), there occurred 
a number of plants very abnormal in appearance In them, instead of the 
characteristic rigid leaves, the leaves were nbbon-like, weak, supple and 
bent down Counts taken showed that there were 36 normal plants with 
a normal midrib in the leaves and 10 plants with a weak midrib The weak- 
midnb-plants had many disabilities with the result that they did not produce 
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any seed The occurrence of this rare character necessitated a large 
number of selections being earned forward to the third generation Out 
of the 36 normal plants available, except the two that were very poor, 
all the others were carried forward and a third generation raised Of 
the 34 selections, 11 were pure for normal plants and 23 segregated 
repeating the F* experience The figures are given below — 


TABi,n 

Fj from S 92 Family 


Beleelu n 
Number 

Charactei of 
4St'Je(*tion 

F, Be 
Ml 

Normal 

haviouT 

idnb 

Weak 

8 118 

Normal Midrib 

27 

9 

119 


24 

9 

120 

o 

70 

22 

121 

o 

40 

13 

122 

M 

119 

34 

123 

M 

60 

17 

12J 

>> 

69 

23 

126 

M 

106 

33 

120 

M 

174 

64 

128 

1 

67 

1 19 

131 


163 

62 

132 

f 

M 

67 

22 

133 

* 

172 

66 

134 

M 

17 

4 

135 

O 

86 

28 
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Selection 

Character ot 

Ft Behaviour 
Midnb 

Kumb^r 

Selection 

Normal 

Weak 

S 136 

Normal Midrib 

141 

50 

137 

ff 

107 

34 

138 

if 

42 

11 

141 

ff 

41 

13 

142 

ff 

33 

11 

144 

ff 

74 

26 

147 

ff 

09 

29 

149 

ff 

122 

40 


Total 

1855 

614 


Calculated 3 1 

1851 76 1 

617 25 


X> » 0 .023 P < 8 


A gene designated MD is responsible for prodnang a strong and normal 
mtdnb in the leaf*blade of sorghum Gene md results in a weak midnb, 
which IS the cause of the nbbon-hke leaf-blades that lack erectncss (Fig 10) 

Among the families which segregated and gave the weak-midnb there 
was also a segregation for the blush-green* and green colour of (seedhng) 
leaves in 14 of them. The cross-collated tabulation given below shows 
that the factor MD is independent of the factor Cbl 
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Tabi^ 


Sslpction Number 

8*^rong Midrib 

Weak Midnb 

lUinah- 

green 

Green 

Pluish- 

green 

Green 

8 tl8 


8 

8 

1 

139 


7 

6 

3 

120 


17 

17 

5 

122 

97 

22 

27 

7 

125 

86 

20 

27 

6 

126 

135 

39 

39 

15 

128 


10 

13 

6 

132 


12 

18 

4 

131 


42 

36 

19 

134 


0 

2 

2 

130 


21 

20 

8 

141 

57 

17 


7 

147 

49 

20 

23 

6 

149 

97 

25 

33 

13 

Total (actual) 

918 

265 

288 

102 

CUlculiitcd (0 3:3 1) 

884 7 

294 9 


98 3 


X* « 4 58 P > 20 


The weak*midiib is weak up to 6 cm from the top of the leaf-sheath 
after which it loses its individuality and becomes like one of the nerves in 
the blades (Fig 1 1) Even this trace of the midnb is lost in the top leaves 
and the flag is midnbless Detailed measurements taken in 10 plants in 
each of the groups, normal and weak-nudxibs, show that in height of plants, 
thickness of internodes, number of leaves, length and breadth of leaf-blades. 
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duration and in general panicle shape, both the groups are alike Besides 
the weakness in the midrib, the only difference is a distinct pull-down m the 
tillering capacity which is inevitable owing to the disability imposed upon 
the photosynthctic equipment In the normal plants the thickness of the 
midrib of the fourth leaf from the top is 2 0 mm at the base, I 2 mm at 
the middle and 0 027 mm at the top which is the same as the thickness 
of the blade In the case of the same leaf with the wcak-midrib it is 0 7 mm 
at the base, 0 5 mm at the middle, and 0 27 mm at the top These 
measurements explain the drooping down of the nbbon-like leaves 

The consequences attendant on the presence of the weak-midnb arc 
of still greater interest Owing to the rarity of this occurrence, practically 
every plant with a weak midrib was carefully examined m all its parts 
Along with the suppression of the midrib there is a suppression of the style 
and stigma (Fig 12) In most cases these organs are comx>letely absent 
and in stray cases vestiges of the st3de are present Concurrent with the 
suppression of the style and stigmatic tissue there is a siqipression of the 
tissue of the awn Whether the spikelets are *ml *-awned or long-auncd 
the normal lemma is distinctly bifid, with a strong awn-base which protrudes 
only a short distance if it is ' ml '-awned (Fig 13) or to a gi cater distance 
if it IS long-awned (Fig 14) In the weak-midribbed plants when the style 
and stigma are completely absent, the lemma is entire (bifid nature not seen) 
(Fig 15) and there is no specialised tissue connoting the awn-base When 
occasionally the vestiges of the styles are present, there is concurrently 
a faint manifestation of the awn-base (Fig 16) 

The genetics of the awn has been worked out and the * nil *-awned 
condition (extreme reduction in length) is dominant to the long-awned 
condition. In a dihybnd segregation from normal and weak-midnb, and 
'ml'- and long-awned condition instead of the theoretical 9 3 3 1 ratio, 
there occurred a 9 3 4 ratio as will be seen from the following table 
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Tabza 


S ‘lofstion Number 

Normal-midnb 

Weak-nudnb 

‘Nil’-awn 

Long-awn , 
(9-11 mm ) 

Nil’-awn 

Long-awn 
(9-11 mm ) 

w nH 

18 

9 

9 


122 

89 

30 

34 



43 

16 

23 


125 

77 

29 

33 


126 

134 

40 

04 

• • 

128 

39 

18 

19 


1*^2 

46 

21 

22 

• • 

133 

128 1 

44 

65 

• 

135 

63 

22 

28 


137 

84 

23 

34 


in 

3{» 

12 

13 

• 

IH 

57 

17 

26 

• 

Total { a < utal) 

807 

281 

350 

• t 

Galoulatod (9 3 4) 

809 1 

269*7 

369 ( 

1 


X*-Q*74 P>0*60 


The awn segregation in the weak-midnb plants is not felt, due to the 
lack of awn tissue (homologous to the nudnb) Gene md which affects 
the midrib affects also the homologous awn tissue The very inttmate 
connection between the nudnb and the awn easily ei^lains this phenomenon 
It has been shown, that when the leaf-blade is forked, the awns are forked 
likewise ** When a severe attack of Sclerospora occurred and affected the 
leaf-blade, there was a suppression of the awn ** The effect of the w«ik- 
midnbbed condition does not stop with this concurrent effect on the 
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leaf-blade and the awn, but also extends to the st>le and stigma The 
homology between stigma and awn m sorghum has been given in great 
detail in a number of publications *’***» Gc ne md affects the style and 
stigma vitally and they are entirely absent or only the rudiments of the 
style are present 

This accounts for the non-setting of seed in the flowers of the weak- 
midribbed plants, though the earhead is normal and the anthers emerge 
quite normally Ihe other effects of this weak-midnbbed condition arc the 
occasional presence of a fully developed dorsal lodicult*® and in stray 
cases a seiond set of three anthers 

These experiences are of very great interest in the evolution of plant 
organs The homology between tin leaf-blade and awn, and between style 
and stigma and the rnlumn and subtile of the awn has been well established 
This experience in Sudan grass threads up all the three homologous organs, 
VIZ , midrib, awn and stigma A serious distuibanee in vegetative eqmp- 
meut produced catastrophic effe*ets on the homologous reproductive 
equipment Such abnormal charaeters, resulting in sterility, could be 
produced by X-ray treatment, but their occurrence in nature is ])ossibly 
to be explained tlirough mutation indu ed in a new environment 

Coming to gram sorghums an instance is on record in which a cross 
between 5 durra of Coimbatore and 5 mgrtcans of Tanganyika (with 
pedicelled spikelets fertile)*® gave in the l'» a few plants whose side -shoots 
showed midnblcss loaves Another interesting experience is worth 
recording here bulbils iii earheads are a rare occurrence*® One such 
bulbil was nursed till it produced an earhead In that plant of abnormal 
origin two leaves had no midribs The first seedling-leaves in all soighums 
do not elaborate a midrib ** 

These interesting experiences arc useful in throwing helpful light in the 
evolution of the Graminese, their leaf-sheath, leaf-blade and ligular and 
auricular equipment, glume and awn structures, lodicular, stylar and 
stigmatic elaborations, and help us to appreaate the big advance they have 
made m having their present equipment which has helped them to become 
the premier group among crop plants 

Summary 

An agro-botamcal descnption of the Sudan grass (5 sudanense, Stapf) 
18 given and the many affinities to cultivated sorghums are mentioned 
Sudan grass is believed to have contributed to the origin of the cultivated 
sorghum 5 dochna. The rare and simple recessive characters, m , e-ligulate 
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leaves and compatt-spindle panicles and the rare dominant character, purple- 
washed pedicellcd spikelets (gene PW) occur in both S sudanense and in 
S dochna Besides these, characters experienced only in Sudan grass so 
far, are also described Seedlings with banded chlorophyll deficient areas 
have been met with This character has proved a simple recessive to the 
normal whole green A gene cb is responsible for this character There 
are two types of seedling habits, vtz , open and erect The former is a 
simple dominant to the latter and the gene SO is behind this character 
Rare types with faint longitudinal sinpes on leaves have occurred and have 
proved a simple recessive (gene cs) to the normal non-striped condition 
(gene CS) There is a great pull down in the waxy bloom condition in this 
grass Even in this poverty of manifestation the very sparse condition 
(on leaf-shcath and internode) is a simple dominant to the extremely sparse 
condition (traces on the boot only) The gene controlling the angle which 
the primary branches make with the central stalk of the panicle does not 
determine a similar disposition of the secondary branches to the primary 
one A new gene Pa^ makes the secondary branches pulvinate and diver- 
gent to the primary branch Gene pa* results in the absence of the pulvinus 
111 the secondary branches (and consequently the secondary branches are 
adpressed to the primary branch) The Sudan grass has thrown light on 
the evolution and arrangement of the spikelets in sorghum in general, as 
the spikcUls are sparse The spikelets are arranged in a dichasial cyme 
with an alternate development The sessile spikelets represent the older 
ones and explain the two waves of anthesis in sorghum A proliferated 
tarhead in which the lower panicle branches turned foliate is recorded 
Cereals, w'hich are aKo grasses, tiller Tillering is an aspect of vigour In 
Sudan grass the gene responsible for tillering TX could be isolated and » 
a simple monogenic dominant to the non-tillenng condition tx Gene tx 
produces weak single-stalked plants in which the basal and underground 
axillary buds are absent Their panicles are weak, spurred and rod-like, 
and the spikelets are few and cluster at the terminals The glumes are long, 
papery and develop long nerves The pedicelled spikelets are practically 
absent being reduced to mere scales The plants do not survive the shoot- 
borer attack and this is due to the inability to produce tillers in replacement 
of the main shoot Gene tx has however no effect on the axillary 

buds Next to the tiller-less single-stalked condition is the nmform 
habit Gene tu is responsible for this. Though many tillered, their gush 
of growth (want of a slow spaced develc^ment induced by gene TU) results 
m exliaustion and consequent weakness TU is a sunple mt> n«e ^nic domi- 
nant to tu A strong midnb is an essential equipment in the kmg 
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leaf-blades in grasses, especially in cereals Gene MD produces the normal 
strong midrib Gene md results in a weak-midnb that makes the leaf 
nbbon-like and droop down The midrib being homologous to the awn 
and stigma, there is a concurrent suppression of the awn and of the stylar 
and stigmatic organs Gene MD has been found to be independent of gene 
Cbl which produces bluish-green seedling leaves 
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LAMELLIBRANCHS FROM THE BAGH BEDS 


By (i W CHIPI.OMKER, M Sc 
{From the Departmrnl of Oeolaqy, Benarea Hindu Univeraitg) 

Wpceivod SpptPmbor 12, 1039 
(Oomtnijnioatod by I’ml L lluua Uiu, u K., f h n ) 

I<ikE the rhyuchouelhds^ and bryozoa* from this formation, lamclhbranchs 
also have not uptil now, received proper attention As a species useful 
for purposes of correlation Duncan’ had mentioned among the Bagh fossils 
the presence of Neithea qmdrtcostata Sowerby, a species marking the Upper 
Green Sand horizon m England and many other countries P N Bose* 
gave a list of lamellibranch specie's, which, however, as mentioned by him, 
were only tentatively diagnosed, and as such have helped us little in 
assigning any definite age to the Bagh Beds Eately I* N Mnkerjee’ has 
studied a small collection of molhtscan fossils from the Jhabua and All 
Rajpur States But the material available for him, being much ill-pre- 
served has contributed little to our knowledge of the lamellibranch fauna 
of this formation Protocardtum pondtehernense d’Orb , and Cardtum 
(rrachycardtum) tncomptum h'orb , both from the Trichinopoly stage of the 
South Indian Cretaceous Senes, are the only lamellibranch speaes which 
he could definitely identify from among his collection , while the rest of 
them are either diagnosed only genencally or names of the comparable 
species are mentioned 

The material collected by the present wnter being, however, qmte 
extensive and well preserved has yielded a large number of species with 
more or less well-marked Cenomanian affimties, thus confirming the results 
of the study of other groups of fossils from this formation 

Resides the species described below, there are in the author's collec- 
tion some specimens of Ostrea, which are, however, too fragmentary to be 
described 

^ Ohlplonker, 1938, pp 800-10 

• Otiiplonker, 1989 a, pp« 98-109, 

• Di^an, 1805, p. 861 , 1887, p 8i 

• Bom, 1888, pp. 87-i8 

• Muleerjoe, 1988, p. 106. 
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Description of Species 
Family Pmnidtt 

Genus . Pinna I^nneos. 1768 

Pinna mathuri sp nov 
(Plate XIII. Fig 4) 

Description — This species is represented by two incomplete specimens 
The surface of each valve is angulated in the middle thus giving a rhom- 
boidal cross-section The valves are not fissured medianly The dorsal 
part of each valve is almost flat and the ventral one feebly convex The 
growth lines are very fine and are seen as low indistinct folds near the 
ventral margin The surface of the valves is ornamented with seven or 
eight nbs on the dorsal part and six or seven ribs of the same strength on 
the ventral part Each of the shallow concave interspaces carries an 
intercalary rib All the ribs are slightly but conspicuously flexuous 

Comparison — This species can be distinguished from Pinna laticostata 
Stoliczka,* from the Utatur and Ariyalur stages of the Cretaceous Senes 
of Tnchinopoly Distnct, by the presence of intercalary ribs in all the inter- 
spaces P arata Forbes’ can similarly be distinguished from the species 
'descnbed here, by the former having the intercalaries only on the dorsal 
part of its valves 

As compared to P vanhoepeni Rennie,* an upper Cretaceous species 
from Pondoland, the present species has its valves less angulated in the 
xmddle, the ventral part of the valves carries more ribs and there is an 
intercalary in each of the interspaces But with all these differences these 
species appear to be closely related 

Occurrence — ^Nodular Limestone and Deola-Chirakhan Marl 
Family . Permdx 
Genus Inoceramus Sowerby, 1819 

Inoceramus pseudo-lotus sp nov 
(Plate XII, Fig 3) 

Description -—The shell is rather tumid and oval, and obliquely elong- 
ated The anterior side is short and rounded The shell is elongated 
poster o-dor sally The surface of ^the shell is covered with thick fairly dose- 
set folds and concave depressions which are much wider than the folds 


* StoUesfca, 1871, p. 86S, pi 26, figs. 2-3 1 pi. 26, fig. 4. 

* Forbot, 1846, p 153, pi 16, flg. 10 1 StoUoska, 1871, p. 884, pi. 24, Og. 6 ; pL 26, 
fig. 1 ; pi 26, fig 6 

* Bwank), 1980, p. 172, pi. 18, fig 0. 
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The umbones are acute and slightly turned The greatest inflation of the 
shell IS situated a little above the middle The shell has in its posterior 
third, a ndge-like elevation extending from the umbo to the postero-ventral 
extremity 

Comparison — In comparison to Ino multtphcaius Stoliczka* from the 
Tnchinopoly stage of the South Indian Cretaceous, the present species 
has its shell more oblique, longer and more tumid , its umbones are more 
anteriorly situated , the concentric folds on the surface are closer and the 
shell has a ridge-like elevation 

Ino latus Mantell^" from the Ceuoniaman of Central Kurope and England 
very closely resembles this species The difference, however, lies in the 
latter having the ridge-like elevation and a less apicatc shell 

Occurrence — Deola-Chiraklian Marl 

Inoceramus lamarckt var tndteus var nov 
(Plate XII, Fig 1) 

Description — The shell is very high and obliquely prolonged postero- 
ventrally The umbones are produced and slightly incurved The surface 
of the shell is covered with distant and rather prominent folds, and indis- 
tinct concentric striations 

Comparison — This species is comparable with Ino simplex Stoliczka** 
from the Ariyalur stage of South India The latter species has, however, 
a shell less oblique and shorter, and the posterior margin is less convex 

As compared to Ino lamarckt var cuvtert Sowerby,** from the Upper 
Chalk of England to which it is very closely related, the present form has 
its umbones less incur vc‘d and its shell less inflated 

Occurrence — Deola-Chirakhan Marl 

Inoceramus sp A 
(Plate XII, Fig 6) 

Description — The shell is oval to pear-shaped, nearly as high os long 
and not much inflated The anterior side is short and rounded , the ventral 
margin is strongly convex and has a weakly 'developed angulation The 

• StoUeska, 1871, p 406, pi 28,flK I 

*• Sowerby, 1820, pi. 682, dga 1-2 ; ManteU, 1822, p. 216. pi 27, fig 10 , d’Orblgny, 
1844-48, p. 513, pi. 408, flge 1-2 , 1850, p 107 , Morrta, 1854, p. 170 , Zittel, 1866, 
p. 100, pi. 18, flg. 7 ; Geiaits, 1872-78, p 46, pi IS, flge. 4-5; Woods, 1004-12, p. 270, 
pi 48, flgs 6-6, tezt-flg 86. 

** Stolloska, 1871, p. 408, pi 28, flgs. 8-4. 

** Woods, 1004-12, p. 880, pi. 68, flg. 7, texi-flgs. 78-84. 
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surface is covered with rather distant, prominent, concentric folds alter- 
nating with broad depressions The umbones are pointed and slightly 
turned The thickness of the shell is approximately one-third of the length 
and IS situated a little above the middle of the shell 

Comparison — As compared to Ino crtsptanus Stoliczka** (non Mantell) 
from the Anyalur stage of the Cretaceous Senes of Southern India, the 
present species is much shorter and flatter 

Ino cf percostatus Muller'* from the Trigoma Sandstone of the North 
Saghaltn, in companson to the present species, is longer and has its con- 
centnc folds a little further apart 

Occurrence — Nodular I^imestoiie and Deola-Chirakhan Marl 

Inoceramus sp B 

A few large-sized specimens in fragmentary condition are comparable 
to Ino stnatus Mantell'* from the Cenomaman and Senoman of Bohemia 
Occurrence — Deola-Chirakhan Marl and probably also the Nodular 
Limestone 

Family Pectimdse 

Genus Netihea Drouet, 182i 

Neithea morrtst Pictet and Retievier 
(Plate XII, Fig 7) 

1845 Pecten qmnque-costaius Forb^, Q J G S , Vol I, p 249 (in 
part) 

1858 J antra morrtst Pictet and Renevier, Maidr Pal Suisse , 

Ser 1, p 128, pi 19, fig 2 

1865 J antra morrtst Coquand, Aptien Espagne, p 341 

1870 Jantra morrtst Pictet and Campiche, Matir Pal Suisse , 

Ser 5, p 244 

1901-02 Vola morrtst Chofiat, Faune Crit Port, Vol 1, Ser 4, 
p 147, pi 4, figs 5-6 

1903 Pecten [Netthea) morrtst (Pictet and Renevier) Woods. Mon. 

Cret Lam , Vol 1, p 201, pi 39, figs 11-13 
1916 Netthea momst (Pictet and Renevier) t>oavill8. Mim Acad 
Set , Vol 64, Ser 2, p 171, pi 22, figs 17-18 
1934 Pecten {Netthea) morrtst (Pictet and Renevier) Nsgao, J Foe. 

Set Hok Imp XJntv , (4), Vol 2, p 206, pi 26, figs. 2-6. 

** StoUoska, 1871, p 405, pi. 25, flga 1-8 , pi 28, fig, 2. 

** Yabe and Magao, 1825, p. 115, pi, 28, figs, 7-8 \ pi. 29, flg. 10. 

II Qatnlts, 1871-73, p. 210, p). 4«, 6gi. 9-18 j 1872-78, p. 41, 18, flgi. 1, 8, 9, 10. 
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Desertphon — This species is a small race, the largest of the specimens 
measuring 24 4 mm in height The shell is fan-like and a little higher 
than long The ears are small and smooth except for the faint growth 
lines The convex valve carries six, convex, major radial ribs with two 
secondary ribs much smaller than the major ones, in each of the five inter- 
spaces The major ribs are flanked by very fine thread-like costae on 
either side The interspaces are concave and narrower than the nbs in 
the dorsal region, but become nearly equal to them near the ventral margin 
The lateral areas on the convex valve carry two or three, rarely four, very 
fine radial ribs 

Compartson — This is the most abundant of the lamellibrancb species 
in the Chirakhan area These specimens from the Bagh Beds agree essen- 
tially well with the Aptian-Albian type of Pictet and Renevier, except 
that the fine thread-like costae on either side of the primary nbs are absent 
in some of the specimens, and the areas carry two or three radial nb-lets 
such as are found in the Japanese specimens,^* though Woods** says that 
in N morrtst the areas arc typically smooth 

Duncan** and P N Bose** had reported the presence of the widely 
distributed species Netthea quadneostata Sowerby and N qutnqmcostata 
Sowerby, in the Bagh Beds An examination of the matenal in the collec- 
tion of the wnter as well as in the collection of the Geological Survey of 
India, has not revealed any specimens that could be assigned to either of 
these almost world-wide species of Sowerby All these specimens, however, 
clearly belong to this widely occurring species of Pictet and Renevier 

Occurrence — Deola-Chirakhau Marl 

Family Spondylidse 

Genus Phcatula Damarck, 1801 

Phcatula sptm-costafa sp nov 
(Plate Xin. Pig 8) 

Description — It is a small-sized species having the shell of an oval 
outline, the lower valve very feebly convex and the upper one nearly flat 
The surface of the shell is ornamented with nttnlerous rather coarse ^ny 
nbs all of sensibly the same size , as a common feature the nbs do not 
increase by division at the successive growth stages 


*• Nskm. 1984, p. 207 
** Woods, 1900-08, p 202. 

11 Baacan, 1888, p. 384 , 1887, p« 84. 
** Bow, 1888, p. 40. 
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CompartsoH — This species might at first sight be confused with PUca- 
tula muUtcosiaia Stoliczka** from the Tnchinopoly stage of the South Indian 
Cretaceous Series The present species has, however, its upper valve flat- 
tened and the lower one is comparatively much less convex , its nbs do not 
generally divide and are of sensibly the same size 

The species described here is very similar to PI awessensts Coquand*^ 
from the Cenomanian of Tunis and Egypt The North Afncan ^ecies 
has, however, in some individuals its upper valve feebly concave 

The present species shows the closest resemblance to PI aspera 
Sowerby” from the Alpine Turonian and Campanian But the latter species 
has its lower valve more convex 

It would thus clearly appear that Pltcatula sptntcostata is related on 
the one hand to PI aspera Sow from the Alpine Turoman and Campanian 
and to PI auressensts Coquand from the Cenomaman of North Africa on 
the other hand 

After Netthea morrtst Pictet and Renevier, this is the next most abund- 
ant species ui these strata, of the Narbada Valley 

Occurrence — This species is recorded frqm the Deola-Chirakhan Marl 
and the Coralline Limestones 

Pltcatula batnensts Coquand 
(Plate XII, Fig 6) 

1889 Pltcatula batnensts Coquand — Thomas and Peron, MoU 

foss runtste, p 206, pi 26, fig 16 

1912 Pltcatula batnensts Coquand — Pervtnquiire, &tude Pal 

Tuntstenne, p 162, pi 9, fig 21 

1917 Pltcatula^ batnensts Coquand — ^Pourtau, Catalogue invert 

foss igypt , p 22 

Descnptton —The shell is broadly oval with both the valves very 
feebly convex The surface is covered with numerous and rather coarse 
ribs without spines The ribs do not increase by division The growth 
stages are very scabrous 

*« r ortw, IS-'e, p 166, pJ 17, S , StoUcska, 1871, p. 448, pi 84, flat. 18-18 { 
pi. 4«. flga 6-B. 

•* lAitet, 1880, p 187, pi 11, flga 21-22, ThomM Mid PMon, 1800, p. 204 t 
Perviaqwkve, 1012, p 160, pi ll, flga, 2-18, Fourtou, 1017, p. 20. 

*» d'OrWgny, 1844-48, p 080, pi 408, flga. 11-12 , 1860, p. 254 , ZlMal, 1888, 
p. 120, pi 10, flg 1 
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Comparison — These specimens from the Bagh Beds agree essentially 
with PI bainensts Coquand from the Cenomanian of Turns and Bgypt 
The only difference between the African representatives and these speci- 
mens from the Narbada Valley is that the latter have a shghtly smaller 
number of nbs, a variation which is not unexpected in a species occurring 
in such widely separated regions 

Pltcatula tnstabtUs Stoliczka** occurring in the Anyalur stage of South 
India and in the Campanian of Tunis might at first sight be confused with 
the present species , but the former ^ecies has fewer and much weaker 
ribs, which increase by division 

Ivike the previous species this is also qmte common in the Chirakhan 

area 

Occurrence — Deola-Chirakhan Marl and Coralline I^imestones 
Family Mytillidee 

Genus Modtola I,amarck, 1758 

Modtola tnflata sp nov 
(Plate XIII. Fig 2) 

Description — This species is roughly oblong and rather tumid at the 
anterior third of the length The umbones are low and near the anterior 
side The posterior region is slightly taller than the anterior one The 
postenor margin makes an angle of about 65“ with the very feebly convex 
ventral margin The dorsal margin is almost straight Anteriorly the shell 
IS well rounded The surface of the shell is covered with concentric growth 
lines A ridge extends from the umbones postero-ventrally. with a feeble 
narrow depression along its length on the anterior side A few radial 
stiiations are seen on this depression and on the anterior slope of the postero- 
ventral ridge 

Comparison — As compared to M vishnu Noethng** from the msestnch- 
tian of the Man Hills, Baluchistan, this speaes has its growth stnse of the 
same strength throughout their course and the umbones are less antenorly 
situated 

Modtola typica Forbes** from the Trichinopoly stage of the Cretaceous 
Senes of South India and from the Alpine Gossan Deposits has, as compared 


** Stolloska, 1871, p. 445, pi 84, figB 3-14 , pi. 10, fig 3; Qusm, 1002, p. 170, 
pl. 20, fig*. 10-22 1 Fourtsu, 1817, p. 23 
M Koetllug, 1807. p 44, pl 11, fig. 3 

** Forbes, 1846, p 162, pl. 14, fig 4; pl. 10, fig 7; d’OHiigny, 1860, p. 247; 
Stolieska, 1871, p. 377, pl. 28, figs. 12-16 1 Zittel, 1860, p. 78, pl. 11, fig. 6. 
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to the present species, its posterior side much more expanded and the 
posterior margin more inclined to the dorsal margin 

Modtola lenst Quaas,** an upper Cretaceous species from the I^ybian 
Desert can be distinguished from the present species by its antero-ventral 
region less inflated and much smaller than the postero-dorsal region, by the 
absence of radial striations along the postero-ventral ndge and by the 
greatest inflation situated sub-medianly 

As compared to Af reversa Sowerby,** a Cenomaman speaes in England 
and Europe, this species has its posterior margin less sinuous 

This species shows the nearest relation to M roquet Thomas and 
Teron** from the Cenomaman of Tunis , the latter has, however, its poste- 
rior margin more oblique 

Occurrence — This species is recorded from the Deola-Chirakhan Marl 

Modtola mtnor sp nov 
(Plate XII, Fig 6) 

DescrtpUon — The shell is rectangular, rather high and tumid with 
fairly prominent umbones The anterior side is very short and rounded 
The ventral margin is almost straight A ndge extends postero-ventrally 
from the umbones and sets apart an attenuated dorsal area Except for 
the concentnc growth lines the surface of the shell is smooth 

Compartson —Vtom the associated M tnfiata sp nov, this species 
differs in having a much taller shell, its umbones more prominent and no 
radial stnations on the postero-vcntral ndge 

As compared to M typtca Forbes** from the Trichim^oly stage of the 
South Indian Cretaceous and the Alpine Gossau Deposits, the present 
species has its umbones more anteriorly situated, its shell a little shorter 
with the posterior margin less oblique and the posterior region less 
expanded 

Modtola lenst Quaas** from the upper Cretaceous of the Lybian Desert, 
comes closest to the present species The difference, howevo', lies in the 

** Qumi, 1902, p 193, pi. 22, fig 11. 

■* d’Orbigny, 1844-48, p. 277, pi. SOI, llga. 1-2, 1880, p ie&; Morris, 1864, 
p. 211 1 Plotet sad Osmploho, 1887, p 610 . Oelnits, 1871-78, p. 218, pi 48, llg. »i 
Woods. 1900-08, p 94, pi 16, dgs. 16-18 j pi. 18, flgs 1-8. 

•• Thomas and Peron, 1890, p 247, pi. 27, fig 18. 

»* Forbss, 1848, p 162. pi 14, fig. 4. pi. 18, flg 7j d’Orblgay, 1860, p. 847 j 
Molieska, 1871, p. 877, pi. 28, 8gs. 12-16 ; Ztttol, 18o6, p 78, pL 11, flg 6. 

** Quaas, 1902, p 198, pi 82, flg, 11. 
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former ^ecies having a little longer shell and the postero-dorsal region is 
proportionally smaller than the aiitero-ventral region 
Occurrence — Probably Upper Coralline Limestone 
Family . Astartidse 

Genus . . Ofi*s Defrance, 1828 

opts cornt/omtts sp nov 
(Plate XII. Fig 2) 

Description — The shell is very high and trigonal with prolonged, acute, 
slightly incurved beaks The antero-ventral side is obtusely rounded and 
the postero-dorsal side is almost straight A rounded cannation extends 
from the umbo to the postero-ventral angle and cuts off a posterior area 
which IS divided into two parts by a rounded secondary ndge extending 
to the postero-dorsal angle The posterior area between the cannse is 
concave The lunule is large and deep 

Comparison — This species can be distinguished from Optssoma geinitxiana 
Stoliczka*! from the Utatur stage of South India, by its beaks more prolong- 
ed, ventral margin less convex and the antero-ventral margin more rounded 
To compare with the present species. Opts btcornts Geimtz" from the 
upper Cenomanian of Bohemia, has its beaks shorter and less incurved. 
Its shell more oblique and its ventral margin more convex 

Opts elegans d'Orbigny** from the Turonian of Sarthc has, as compared 
to the present species, its shell more oblique, beaks less produced and more 
incurved 

The species described here shows a very close affinity to Opts hatdo- 
nensis Woods,** an Upper Green Sand species from England The only 
observable differences are that the Indian ^ecimens have slightly more 
prolonged beaks and a little shorter shell 

Occurrence — Deola-Chirakhan Marl and Nodular Limestone 
Family . Crassatelhdse 

Genus Anthonya Gabb. 1664 

Anihonya tumtda sp nov 
(Plate Xni, Fig i; 

Description — The shell is roughly trigonal, nearly twice «s long as high 
an4 strongly inflated at about one-fourth the height from the ombones 

n StoHosU, 1871, p 288, pi 10, 6g 11. 

** Geinlta, 1871-78, p 227, pi 60, figs 1-3 
d'Orbigay, 1644-48, p, 86, pi 264, flgs. 4-0 
•* Woods, 1904-12, p. no, pi, 18, fig. 1. 
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The ventral margin is very feebly convwt A ndge extends from the 
umbones to the postero-ventral extremity, setting apart a feebly concave 
dorso'posterior area The umbones are situated at about one-fourth the 
length from the anterior side Fine radial stnations are observable only 
on the postero-dorsal area, while the rest of the surface shows only faint 
concentric growth lines 

Cotnpanson — As compared to An canttana Woods,** a Gault species 
from England, the species described here has a taller and more inflated 
shell 

To compare with Anthony a sub-cantiana Nagao** from the Albian of 
Japan, the Indian species is more inflated and has a little higher shell' 

Anthonya hnetUa Kitchin” from the Uitenhage Series has its shell 
less tumid, more sub-equilateral and a little longer with its umbones placed 
less anteriorly 

Occurrence — This species is recorded from the Deola-Gurakhan Marl 
Family Cardiidse 

Genus . Protocardta Beyrich, 1845 

Protocardta pustUa sp nov 
(Plate XII, Fig 8) 

Description — This species is a small-sized race, the largest of the indi- 
viduals measuring nearly 21 mm in length The shell is nearly sub-arculat 
and slightly longer than high The ventral and anterior margins are regu- 
larly rounded and postero-ventrally there is a slight angulation The sheU 
is thickest at a little above the middle of the shell The ornamentation 
consists of very fine, concentric rib-lets 9 to 11 per 6 mm in the middle 
region The posterior region of the shell is covered with fine, smooth, 
radial rib-lcts , the extent of this posterior region varies from one-fourth 
to one-fifth of the shell surface 

Comparison — In comparison to Proto hiUana Sowerby,** a species of 
very wide destribution in Europe, Africa and South India, and rangii^ 
from the Cenomanian to Senonian, the ^ecies described above is a much 

** WoodR, 1904-12, p, 180, pi 19, aga 4-6 

** Kagao, 1984, p, 222, pi 20, Bg 11 $ pi. SO, figs. 6-7 

»* Xltohln, 1913, p 137, pi 7. Bga 7-8. 

•• Sowerby, 1812, p 41, pi. 14 ; d’Orbigay, 1844-48, p. 27, |d. 248 } Fbebea, 1846, 
p, 146 { d'Orblgny, 1850, p 162 , Piotet and Oamplbba, 1867, p. 208 1 CMidts, 1871-78 , 
p. 280, pi. 1, figs. 11-12 1 TboawM and Penm, 1890, p 276; aaaas, 1032, p. 216, id. 24, 
ig. 18 1 Fourtau, 1904, p. 881; Woods, 1906, p 307, pl.S7. Bg 6; 1904-12, p 197, 
pi. 81, fig. 0 , {d 82, Bga. 1-6 ; Pervlnquigie, 1912, p 264 , Lalmer, 1937, p. 140. 
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smaller race , its shell is a little longer than high and its umbones are a 
little more prominent 

Proio parahtllana W ade" from the Ripley Formation of North Amenca 
as compared to the present species, has its outline more sub-circular and the 
umbones less conspicuous , also it has fine radial stnations on the whole 
of the surface 

Occurrence — Deola-Chirakhan Marl and the Nodular l<imestonc 
Family . Isocardiidee 

Genus . Isocardta Klein, 1753 * 

Isocardta a if neglecta Coquand 
{Plate XIII, Fig 7) 

Descrtpiton — The shell is rather tumid, trigonal in outline and higher 
than long, the length being nearly equal to the thickness The anterior 
side IS short and rounded , postero-dorsally the shell is slightly tapering 
The ventral margin is convex, being comparatively flatter m the middle 
than at the two ends The beaks are incurved and twisted antenorly 
The maximum thickness of the shell is a little above the middle, while the 
greatest length is situated medianly 

Comparison — As compared to Iso stmtlts Sowerby** from the Lower 
Green Sand of England, France and Switzerland the present species is 
taller, anteriorly more rounded and ventrally more convex 

In Iso aiaxensts d'Orbigny,*^ a Turonian species from France, the 
shell, as compared to that of the present species, is less nifiated, slightly 
longer and posteriorly more angulated 

I did not have access to the original description and figures given by 
Coquand, but Fourtau" gives Coquaud's diagnosis of Iso neglecta Coquand 
as “ Coquille plus longue que large, oval, crochets 14gftrnient contournds, 
6troits, £cart£s, moule int4rieur montrant en arnire des crochets, une 
impression transversale " From this, it is obvious that the specimens 
described here are closely related to this species from the Cenomaman of 
Egypt But since these specimens could not be compared with the onginal 

\m iMi in « 

** Wade, 1926, p. 87, pi 27, ftgs 1,6 

* Dali (In Zittel. 1927, p 491) attributes the generic name UoGardia to Lamarck, 
while Fourtau (1917, p, 66) ueee it after Klein, since I myself had not had access to 
the necessary literature for deciding the claims of priority, T use it here after Klein 
Sowerby, 1826, p 27, pL 66, fig< 1 ; d’Orblgny, 1850, p 163, Moms, 185t, 
p. 204 « Pictet and Camplche, 1867, p 240, W'oods, 1904-12, p 151, taxt-flg 25 
d'Orhigny, 1844-48, p. 47, pi 251, iigs 3-6. 

AS Fourtan, 1917, p. 66* 
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figures, their identity with Coquands species cannot be definitely estab- 
lished 

Occurrence — Deola-Chirakhan Marl and Nodular Limestone. 

Family , Venendse 

Genus . CalUsta Poll, 1791 

Calhsta sp indet 
(Plate XIII, Fig 6) 

Description — This species is represented by a number of casts which 
are longer than high, the maximum length lying a little below the middle 
The shell is thickest slightly above the middle The anterior and posterior 
margins are more strongly convex than the ventral margin The umbones 
are situated a little anterior to the middle 

Comparison — Because of the general aspect of these casts they are 
comparable with Calhsta plana Sowerby" from the Upper Green Sand of 
England, France and Switzerland , but the present state of preservation 
of these specimens does not allow their identity being established 

Occurrence — Deola-Chirakhan Marl and Nodular Limestone 
Family Sportelhdse 

Genus Anisodonta De^ayes, 1860 

Anisodonta :q> indet 
(Plate XII. Fig 4) 

Description — ^These specimens are trapezoidal m outline A strong 
cannatioii separates a more or less fiat dorsal area from the rest of the 
surface , it carries very indistinct radial stnations while the rest of the 
surface shows only faint growth hues The ventral margin is feebly convex 
The anterior side is rather tapering The umb nnes are turned sbghtly to 
the anterior and are situated at a little less thnti one-third of the length 
from the anterior end 

Comparison — The unfavourable state of preservation of the available 
specimens does not permit of a close comparison with any of the known 
speaes But a reference might be made to Antso unzanbiensts Renme** from 
the upper Cretaceous of Pondoland, which, however, is a longer ^lecies. 

Occurrence — Beola-Chirakhan Marl 

** Boworby, 1812, p. 66, pi 20 , Moma, 1864, p. 201 j d’OcMgny, 1844-48, p. 447, 
pi 380, figR. 1-8 j 1860, p. 160 j Woods, 1004>12, p. 102, pi. 80, fin. 1-6] FloM and 
Campiohe, 1807, p. 100, 

** Reiu>is,ie30,p.l84,pl.21, flg 11 . 
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Table showing the Ajjintttes and the Vertical Distribution of the 
Lamelltbranchta from the Bagh Beds 


No 

Sp'»ciG« from 
Bagh Keds 

Bulatod Mp''ajo*« xi ith 
geological horizon 

Nodular 

Limestone 

Lower 
Coralline 
Li mi ttoru 

Djola 

f^hirakhan 

Marl 

Uppi*r 

rViraUloe 

J i meat one 

1 

Pinna maiknn sp i 
nov 

P vanhasjicnt Rennie , 
Up[)or CretaocouH of 
Fondulatid 

X 


X 


2 

Intioeramuei pmudo 
hitu* ap nov 

I/M latue Mantell , CVno 
ninnian of Kngland and 
Central ?>irope 



X 


3 

Itio lamarcKx var i 

xndicm var nov 

Ino lamarcki var cuvten 
Sow , Upper Chalk of 
Knetand 



X 


4 

Ino sp A 

Ino erxBpianus 8toI , 
Ari\atur utagn of South 
Indja 

X 


X 


0 

/no ap B« 

Ino strxatua Bfanlell^ 
Cenomanian and Soiio 
man of Bohemia 

f X 


X 


6 

Nfxihta marrtst Pio 
tot and Uenevier 

y mornat Pictet and 
Keiiovier , Aptian and 
Alldan of Knfltand» 
Spain, Switzerland and 
Japan 



X 


7 1 

1 

1 

PUcnixUa a|»nt ecwlata| 
sp nov 

PI (Mprra Sow , Tnronian 
and Campanian of Fraiu i 
and Gorniany, and PI 
aareasenaxa Coquand • 
Cenomanian of Tunis and 
Egypt 


f X 

X 

X 


PI 6atnenaM Coquand 

P btUnanais Coquand , 
Oinomani an of Tunis am 1 
Egypt 


T X 

X 

X 

9 ' 

Jfodiota in/lcuaap | 
nov 

if rogue* Thomas and 
INsroui Cenomanian of 
Tuuw 



X 


10 

If nunofip nov 

jif feast Qnaas, Upper 
Orotaotous of Lybian 
Desert 

• 



T X 

U 

1 

1 

Opx» eornx/ormx 0 ip 
nov 

0 haldownsis Woods 
Upper Qreen Sand of 
England 

X 


X 


12 

AntJUmya fintiida *p, 
nov. 

A 0 ub canixana Nagao , 
Alblan of Japan 



X 

a 

13 

jAnotoeordio piMiBa 

Ip nov. 

Proh parahxUana Wade » 
Ripley Formation of 
U.SA 

X 


X 
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TMe showing the Affinities and the Vertical DtslnbtUton of the 
Lamelltbranchia from the Bagh Beds — (Contd ) 


No, 

Species frum 

Kagh Beds 

Related species lelth 
geological horlsoii 

Nodular 

Limestone 

Lower 

Coralline 

Limestone 

Deola* 

Chirakhan 

Marl 

upper 

Coralline 

LImeatone 

U 

/doearditfaff neglecta 
Coquand 

1 

/a) neglecta Toquand^ 
CVnomanian o! l^ypt 

X 


X 


15 

i 

<^(Ulhatasp indoi 

r plan'i Sow Upper 
Urtten Sand of Eagland 
France and SnitzirlanJ 

X 


X 


10 

Hnw^doTUasp indot 

An nnz%nh%ene%% Ronnte 
Uppar On taceous of 
Pondoland 



X 



Discussion of the Palaontological Results and Conclusions 

As can be seen fiom the above table of distnbution of the lamel- 
libtanch species, we find that out of the sixteen speaes which are 
recorded from this formation, all except one, namely Modiola minor sp nov , 
are present in the Deola-Chirakhan Marl The species which occur in the 
Kodular Limestone include Pinna mathuri sp nov , Jnoceramus sp A , 
Ino sp B , Opis cormformts sp nov , Protocardia pustUa sp nov , Jsocardta 
aff neglecta Coquand and CaUista sp indet . but all of them also occur in 
the Marl bed Similarly Phcatula spim-costata sp nov , and PI batnensis 
Coquand are recorded both from the Marl and the Coralline Limestones 
Thus, while most of the species known to occur in this formation, are 
recorded in the Marl bed, there are some species which it shares with the 
Kodular Limestone, and others which it has in common with the Coralline 
Limestones These lamellibranch species, therefore, while being parti> 
cularly abundant in the Marl, are not characteristically confined to any of 
the beds, so as to mark them out as distinct palaeontological zones or stages 
as was believed to be the case by Bose 

To discuss the faunal affinities and the age of the Lamellibranchia from 
the Bagh Beds, described in the foregoing pages, we have in these strata two 
species which arc known also from outside India Of these, Neithea morrisi 
Pictet and Renevier, the commonest of the lamellibranch species in these 
beds, IS known from the Aptian and Albian horizons in Bngland, Spam, 
Switzerland and in Japan, while Phcatula batnensis Coquand, whidi also 
IS an abundant species in this formation, is recorded from the Cenomanian 
of Tunis and Egypt Another species, which is well x^resented in this 
formation, of which, however, the identity could not be establish^ for 
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certain for want of the necessary literature, is Isocardta off neglecta Coquand 
a very near ally of Iso neglecta Coquand from the Cenomanian of North 
Africa Among the species which are descnbed new, we have Pltcaivla 
sptm-costata, sp nov , a species equally abundant as the last one , it is 
related on the one hand to Pi aspera Sowerby from the Turoman and 
Companian of the Alpine region, and to PI auressensts Coquand from the 
Cenomanian of Tunis and Egypt on the other To take the less common 
species, we have Modtola tnftata sp nov , with its nearest ally M roquet 
Thomas and Peron from the Cenomanian of Tunis ; Opts comtformts sp nov , 
is allied to 0 haldonensts Woods, from the Upper Green Sand of England , 
and Inoceramus pseudolatus sp nov , is related to Ino latus Mantell from 
the Cenomanian of England and Central Europe 

From among the remaining species to consider those which are related 
to upper Cretaceous species, we have Protocardta pustlla sp nov , related 
to Proto parahtllana Wade, from the Ripley Formation oi the Umted 
States of America Modtola mtnor sp nov , is allied to M lenst Quaas from 
the upper Cretaceous of the Eybian Desert , Ptnna mathuri q;) nov , has its 
nearest ally P vanheepent Rennie from the upper Cretaceous of Pondoland 
and Inoceramus lamarckt var tndteus var nov , is closely related to Ino 
lamarckt var cuvtert (Sowerby) from the Upper Chalk of England 

It IS thus clear that while these lamellibranch species from the Bagh 
Beds show a mixture of affinities towards species ranging from the Aptian 
to Senoman, a large proportion of them have Cenomanian affimties 

Mukerjec,** however, has lately tned to show that the Bagh Beds 
range from the Cenomanian to the Upper Senoman because of the range of 
affinities shown by his collection of Mollusca from the Jhabua and All 
Rajpur States In his report on these beds he records the presence of 
Astarte, Mactra (?), Aucella (?), Nucula, Ostrea, Melanta, some AurtcuUtd 
Pulmonata, Ctdarts and Bryozoa, and claims to have speafically identified 
Protocardtum pondteherrtense d’Orbigny, Cardtum (Trackycardtum) tncomptum 
Sowerby, MacroeaUtsta cf sculpturata StoUezka. Grotnana cf jugosa Forbes, 
CrasstneUaci plamssttna {'Poxbes),Cr cf trtgonotdes{Sto\icz‘kA)zti6.TurrtteUa 
{Zarta) mtdttstrtaia Reuss Out of these, he meittions Proto pondteherrtense, 
Card {Track ) tncomptum, Macrocalt cf sculpturata and Twrr muUtstrtata 
as typical South Indian upper Cretaceous forms suggesting that the Bagh 
Beds probably range up to the upper Seitoman, while the presence of 
characteristic Utatur forms Grotrtana cf jugosa and CrasstneUa cf 
plantsstma show that the Bagh Beds rat^e down to the Cenomanian 


*• MokmjM, 1984. pp. 71-78 . 1985, pp 80-81 ; 1988, pp 190-98 
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I^'rom this list given by Mukerjee it is clear that the only species of 
which he can be said to have definitely established the identity are tmly 
three, namely * Proiocardtum pondtchemense d’Orb , Cardtum (Trachy- 
cardtum) tncomptum Sowerby and Tumtelia {Zarta) multt^ruUa Reuss. 
Of these, the first two are from the Trichinopoly stage, where only the 
second species is reported to be common , while TurnteUa naiUtstnata is 
recorded in South India from the Anyalur and Trichinopoly stages 
where it is not reported to have any particularly important position , it is 
also known from the Scnonian and Turoman of the Lybian Desert, Germany 
and the Alpine region ** The remaimng four speues which Mukerjee records 
111 the Bagh Beds of his area, are only comparable with some of the South 
Indian species which, moreover, are not of any special importance in those 
deposits It IS unfortunate that Mukerjee has used the terms '* character- 
istic or typical species” in too loose a sense as can be seen from the above 
remarks None of the specie's which Mukerjee records in the Bagh Beds 
of Jhabua and Ah Rajpur States, are m any sense ” characteristic " or 
” typical ” of any of the stages in the South Indian Cretaceous Senes , nor 
are any of them particularly important m the Bagh Beds They, therefore, 
cannot be of any value in fixing the age of the Bagh Beds with any more 
precision than, that they indicate an upper Cretaceous age for this forma- 
tion 

It IS thus clear from the foregoing discussion, that this series of strata 
forms a single palieontological unit, in which Cenomaman affimties are the 
predominant element of the fauna , it is therefore, reasonable to assign to 
this formation the Cenomanian age 

Mukerjee's collection is, however, of some interest in so far as it includes 
the three South Indian species Proiocardtum pondtchemense d'Orb , Cardtum 
(Trachy ) tncomptum Sowerby and Tumtelia {Zarta) rnuUntnata Reuss 
It brings in under discussion the possibility of faunal connections between 
the Narbada Valley and the Trichinopoly District Except Ptnna nuUhurt 
sp nov , which is allied to P arata Forbes from South India and also to 
P vanhaepent Rennie from Pondolaud, there are no Bagh species 
related to those from South India As is clear from the author's work on 
other groups of Bagh fossils" also, the Bagh fauna have strong affimties 
towards those from North Africa and Southern Europe Since, of the three 
South Indian species mentioned above, TurrtteUa muUtstrtala Reuss is also 

«• Forbes. 1846, p 184 s Stolioaka, 1808, p. 224 1 Oalaits. 1871-73. p. 161 ( Qusm, 
1002, p, 240. 

Cbtplonlcor, 1037, pp 66-681 1038, pp. 812-18. 1080. pp. 24^46 ; 1988 a, 
pp. 106-07. 
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known to occur m the Lybian Desert, Germany and in the Alps, the affi- 
nities of Pinna mathun towards P arata and P vanheepem, as well as the 
occurrence in the Narbada Valley, of Proiocardtum pondtcherrtense and 
Cardium {Trachy) tncompitm in association with lurntella {Zand) 
multtsinata might be expected through the African and the Mediterranean 
regions and not by any direct connection as was suggested by Bose 
While it is admitted that the explanation given above might account for 
the occurrence of these South Indian species in the Narbada Valley, it is 
also likely that a closer examination than hitherto done, of the niolluscan 
fauna of the Jhabua-Ali Rajpur area might show these species to be spe- 
cifically different from the two above-mentioned South Indian species 
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EXP1.ANAT10N OP PLATES 
Plate XU 

Fig 1.-— Inoceramwa lawiarrH var tndteua \ar« nov ; Bhowing nght valve (B H*U 
No L/3) 

Fig* 2 — Opm corni/orm-w sp. nov , showing right valve (B H U No L/ll). 

Fig 3 — /noeertmtua pseudo- latust ap nov , showing right valve (B H IT No L/2) 
Pig 4 — Mmeodonta sp indet , showing left valve (B n TT No L/16) 

Fio 5 — /noreramus sp A , slio^iugleft valve (B H U No Ij/4) 

Fio 0 — AfodtoZa nnmr Bp nov, showing left valve (B H IT No L/in) 

Fjg 7 --NctWicn mornsi. I^ctei and llonevior {a) showing left valve , (6) showing 
right \al\e , (B H U No L/tt) 

Pro 8 — Protocardirtt pusUla sp nov , showing right valve (B H U No L/13). 

Platk XIII 

Fig 1 — Anthonyn tuwtda sp nov , sliowing right valve (B H U No Tj/12) 

Fig 2 — Modiola mflala sp nov , showing right valve (B H TJ No L/0) 

FiG 2 ^ Plicaiula spmi-eosiata Hp nov , showing upper valve (B H U No L/7) 

Fio 4.^ Pinna maihurt sp nov , showing left valve, (B H U No L/1) 

Pig* 5 . — Pluaiula bahiensis (^oquand» showing upper valve (B H U No L/8) 

FiG 0 . — Calltsta sp indet , showing right valve (B H U L/15). 

Fig 7 — Isoearditt aft neffleeia Coquand , («) showing left valve , (h) showing anterior 
view (B H U. No L/1 11 
N B —All the figures are natural sire 

All the figures are photographs of the plates drawn from the Typo specimens 
under the author's supervision. 
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ON SOME STONE IMPLEMENTS FROM 
HOSHANGABAD (CENTRAL PROVINCES) 


By Manohar I^ax. Misra, M Sc , 1,1, B 

(From the Deparltnent of Geology, Benaree Htndu Umvemty) 

Heceived Muptember 12, 10S9 
(Communicated by Pi of I, Rama Rau, X A , p o a ) 

The stone implements, which form the subject of the present contnbution, 
were collected by the author from the banks of the nver Narbada and 
neighbouring ravines, near Hoshangabad in the Central Provinces So far the 
implements collected from the Narbada Valley by various workers are most- 
ly confined to collections made from certain areas round about Jubbulpore 
and the literature available is mostly a record of the find The very first 
account of some discoveries of worked flints from near Jubbulpore was 
given by Evans’ in 1863, followed by I,el!desuriar,* Swency,* Carey,* 
Blanford* and Oakes * In the year 1 873, Medheott’ described a quartzite 
Celt found m sttu by Hacket from Bhutra in the Narsingpur Distnct in the 
Narbada Valley This find is of exceptional importance as " Hacket him- 
self dug it from where he found it lying flat and two-thirds buried, in a 
steep face of the stifl, reddish, mottled, unstratified clay about six feet 
above low water-level and which is about the same honzon at which 
some of the implements, described here, have been found Mention of 
some pakeolithic and neolithic implements from near rock shelters about 
three miles from Hoshangabad town has also been made by Ghosh * The 
present contribution contains the descnption of four paheohthic and two 
neolithic stone implements, which are unquestionably of human manu- 
facture and some of them have been found tn stiu in the same or about the 
same horizon in which the vertebrate fossils have been known to occur 


’ Bvoob, 1868, 

* LeMemiriar, 1801, pp 81-85 * 

* Swiney, 1808, pp 17-18 , 1865, pp. 77-78 

* Carey, 1800, pp 136-30 

* Blanford, 1800, p 230. 

* Oakes, 1868, pp 51-63 

* Medlfoott, 1878, pp. 10-68 

* Ibid, p. 48 

* Ohoeh, 1888, pp. 21>^2. 
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Some fossilised remains of vertebrate ammals have also been collected by 
the author along with the implements and these have been handed over 
to Prof D K Chakravarti of this Umversity for study 



The area covered in collecting these implements is about 10 miles in 
length along the banks of the river Narbada running from about a mile to 
the east of Bandrabhan a locality at the confluence of the Narbada with 
the Tawa, to about a mile to the west of the railway bndge over the 
Narbada near Hoshangabad town Two other locahties, a small sandstone 
hill contaiiung some old red coloured paintings in the rock shelters, about 
IJ miles to the south-east of the Hoshangabad town and a laterite quarry, 
at the village Tugaria about four miles to the south of the town, were also 
investigated but no implement was found. 
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The general stratigraphical succession of beds at the banks of the nver 
in the area investigated is as follows in the descending order — 


Beds 


Approximate 

Thickness 


Rcgur 8 feet 

Yellow alluvium . . 12 >, 

Yellow alluvium with concretions , 8 „ 

Gravels at places contaimng boulders 5 „ 

The thickness of the various beds is not constant The gravelly bed is 
conspicuous by constantly running along the banks forming a terrace 
Due to the meanders of the river, this gravelly bed is, often, overlain and 
thus concealed by the recent deposits of sand The yellow alluvium forms 
the thickest bed of the series Just below Saddar Bazar in the Hoshanga- 
bad town all the beds are well exposed and attain a total thickness of 
about 36 to 40 feet 


As far the age of these deposits, the topmost bed is, no doubt, of 
recent time The bottom bed (gravels) was considered, to be of Pliocene 
age by Falconer,’® while in the opinion of Medlicott” " these old ossiferous 
alluvial deposits are not more ancient than the late Pleistocene ” Both 
these views have been questioned by Das Gupta,’* who is of opimon that 
the Narbada ossiferous gravels are not older than middle Pleistocene 

The author takes this opportunity of conveying his grateful thanks 
to Mr K Snpada Rao, Central College, Bangalore, for lending his personal 
copies of the two papers of Prof Sampat Iyengar The author’s sincere 
th ank* are also due to Dr Rajnath, Head of the Department of Geology, 
Benares Hindu University and to Prof D K Chakravarti, of the same 
Department for facilities and help 


Specimen No Al/19 (B H U) 
Plate XIV. Fig 1 


The specimen is fashioned out of browmsh looking fine-gramed 
Vindhyan quartzite with a predominant yellowi^ tinge It is almond 
shaped, mostly symmetrical, and has not beta retouched The ' surface 
d'aocommodation' is like an inverted U, with diverging arms The two 
points, at which these diverging arms end, mark the greatest width of the 
specimen From beyond these two points, the specimen begins to narrow 


» Medlioott. 18TS, Pfc. 8, p 40. 
** md , p. 64. 
u DasOupta, 1928, p.22. 
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down towards the ‘ surface d’ utilisation where it finally ends in a small 
semicircular edge about in width A somewhat blunt edge all round the 
specimen forms the periphery which is undulating and contains a number 
of marks of chipping One of the two main faces of the implement is made 
convex by three main bold strokes, the axis of convexity runmng along its 
greatest width Two strokes, one on each side of the axis of convexity, 
have produced two surfaces One of these two surfaces slopes towards 
the ' surface d'utilisation ’ and the other towards the ' surface d’accommodd- 
tion ' The line along which these two surfaces meet forms a ridge which 
runs more or less along the greatest width of the specimen and coincides 
with the axis of convexity on this face The third stroke not as bold as 
the other two is near about the middle of the nght edge of the specimen 
and it has produced a third surface, small and tnangular in shape, sloping 
towards the edge This side shows some signs of retouching The surface 
on the reverse side is also convex, but the axis of convexity here is along 
the length of the specimen and runs from the ‘ surface d'accommodation ' 
to the * surface d'utilisation ' From along this axis the speamen slopes 
mainly in two opposite directions towards the nght and towards the left 
Only one, roughly pentagonal surface, produced perhaps by only one bold 
stroke, forms the whole of the right-hand face It is bounded by two edges 
and three ridges which are formed by conjunction of difterently sloping sur- 
faces Two four-sided surfaces, compnse the left-hand face These faces 
slope towards the edge from the main ndge There is a small tnangular 
area at the ' surface d'accommodation’ bound by two ndges and one edge. 
The mam ridge of the specimen coincides with the axis of the convexity 
and slightly bulges towards the left 

The specimen weighs 7 oz Its greatest length from * surface d'ac- 
commodation ' to the ' surface d'utihsation ' is S 9*', the greatest width 
i-'i" and the greatest thickness I 05* 

The specimen bears a very close resemblance, in practically all the 
details, to a bouchcr from the Cuddapah Distnct of the Madras Presidency 
figured by Coggm Brown ** It also resembles K Snpada Rao’s qiecimen 
No Z 6/441 The only main point of difference between these two is 
that the present specimen is marked by the absence of notches, and this 
negatives the idea of the present specimen having ever been used with a 
handle On the other hand, the smooth and convement grasp at the 
' surface d'accommodation ' and its close resemblance to Coggm Brown’s 

** Ooggin Brcmn, 1917, pi I, flg 1, 

Sripiida Bu>, 1930, pi VI, flg». 1. 2, 2. 
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boucher point strongly towards this specimen being designed for a hand- 
grasp, and used as a hand axe 

The specimen was found tn sttu and was extracted from the steep face 
on the left bank of the river Narbada near Hoshangabad It was found 
embedded just below a gravelly bed containing vertebrate fossils, about 
6 to 8 feet above the lowest water-level 

The bold and rough design of the implement and a smooth and com- 
fortable hand-grasp indicate that the implement probably belongs to 
Chelean Culture, but appears to be more primiti\e either to Hacket’s find** 
or to that of Wynne >* 

Specimen No JV/20 (B H U ) 

Plate XIV, Fig 2 

The specimen is fashioned out of hard, compact, browmsh looking 
ferruginous Vindhyan sandstone, which is found in abundance round about 
the locality where it was found It is evidently an almond-shaped side- 
scraper with semicircular ‘ surface d'utihsation ’ The ‘ surface d’accom- 
modation ’ is thick and convenient for a hand-grasp The bulb of percus- 
sion IS well developed by a bold stroke at the ‘ surface d'accommodation ' 
on one of the two mam faces Two deep scars or ' eraillurcs ’ can be very 
clearly seen on the bulb of percussion One of these is along the edge of 
the ' surface d’accommodation ' and the other one, which is shghtly curved, 
IS at right angles to the first Excepting these two scars and the well- 
developed bulb of percussion, the specimen does not show any other major 
signs of chipping Few small chips have been taken out along some por- 
tions of the ' surface d’utihsation ’ The other corresponding opposite face 
of the specimen presents enough marks to show that the implement has 
been fashioned mostly on this side This face shows three main surfac'es 
sloping in different directions towards the edges from a common point 
These faces have been produced in the attempt to get a sharp edge and 
convenient hand-grasp The semicircular working edge shows all along a 
number of marks of chipping On both the sides the specimen has a general 
slope from the ‘ surface d’accommodation ’ to the ' surface d’utihsation ’ 
The implement measures 3 75* along its greatest length and 3 0* along 
its greatest width Its greatest thickness at the * surface d’accommodation * 
18 0 75* The specimen weighs 4 7 oz It bears a very close resemblance 
to one side-scraper from Pilt-down gravels so prominently figured by 


» Medlioott, 1878, p. 49 
Oldham, \S6S, p. 65. 
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Boule,” Osborn‘* and Sollaa ” The specimen was found embedded, rather 
loosely, in a sort of boulder or gravelly bed which projects into the bed of 
the nver near Hoshangabad town The spot from where it was extracted 
lies about 6 to 8 feet above the low water-level of the nver 

As for the age of the implement nothing very defimte can be said 
as the specimen has not been found truly tn sttu The fact that it is worked 
on one side only and that it is a side-scraper with a bulb of percussion which 
is a characteristic of the Mousterian industry, leads one to believe that the 
implement belongs to the Mousterian age Bat the consideration that the 
implement was found embedded, though loosely, near about the same 
horizon as that of N/19, described in this paper, and which is of Chellean 
Culture, negatives the idea of its being of Moustenan age The view that 
the implement belongs to Mousterian time further loses support when it 
IS considered that “ although flints worked on one side only were formerly 
regarded as charactenstic of Moustenau civilisation, they are very often, 
sometimes to the exclusion of the other forms, found also in the Chellean,”*® 
and also that " the form of the chipped implements is not always a sure 
criterion of the particular cultural stage which is represented by it ” ” 
Therefore, the present author feels inclined to believe that the age of this 
implement is Chellean rather than Mousterian 

Specimen No iVr/21 (B H U ) 

Plate XV, Fig S 

The specimen is made out of hard, fine-grained, compact, brownish 
looking dark Vindhyan sandstone It is roughly almond-shaped, crudely 
fashioned and unretouched One side the bulb of percussion is sufficiently 
well developed with shallow, thin, ” eraiUure " The face contaimng the 
bulb of percussion, further shows a few other marks of chipping at the 
' surface d’ accommodation ’ as well as at the ' surface d'utihsation ' These 
chips were evidently taken out in order to provide a comfortable hand- 
grasp and a sharp working edge The opposite corresponding face shows 
one prominently triangular surface, and two other surfaces the boundaries 
of which are not clearly defined The periphery is undulating and all 
along the edge marks of chippings are evident, but towards the working 
face they become more prominent 


» Boulo, 1928. tig 94 
** Osborn, 1927, p 127, fig 60. 1 and 1 a. 
U BolUs, 1924, p. 191, fig 81 
*• Boule, 1923, p 161. 
n Bee Oupta, 1928, p. 4. 
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The implement measures along its greatest length, from ‘ surface d* 
utilisation ’ to ‘ surface d’ accommodation ' 4 25' and 3 2* along its greatest 
width It assumes greatest thickness of 1* at the bulb of percussion The 
speamen weighs 7 oz 

In appearance and by the presence of the bulb of percussion the imple- 
ment appears to be a side-scraper But the edge just opposite to the bulb 
of percussion is very blunt and thick This side is 0 5' thick and conse- 
quently does not provide in anyway, a working edge for the implement, 
so that it may be used as a side-scraper The real ' surface d'utilisation ' 
IS provided by a a V-shaped edge One arm of this V ends in the bulb 
of percussion and the other in the blunt edge, opposite to the bulb of jicr- 
cussion The number of marks of chippings at this V edge proves that this 
obviously has been done only to provide a sharp working edge more con- 
venient for chopping This being the ' surface d’utilisation ’, the surface 
opposite to this automatically becomes the ' surface d'accommodatiou ' 
and this provides a very convenient and comfortable liaiid-grasj) along 
with two dents for the fingers at the side Hence this implement is more 
likely to be a coupe-dc-poiiig than a side-scraper It may have been ori- 
ginally designed to serve as a side-scrapcr but afterwards probably, either 
intentionally or accidentally was transformed into a band axe 

The specimen was found lyiug loose at a distance of about 50 yards 
from where the specimen No N/20 was extracted If seems to belong to 
earlier Palteolithic Culture more probably Chellean 

Specimen No N 122 (B H U) 

Plate XV, Fig 4 

The implement is fashioned out of hard, brownish, ferruginous, com- 
pact Vindhyan sandstone It is massive and heavier than the other 
implements described here The implement is roughly circular in shape and 
double convex in appearance It is thick at the * surface d’accommodatiou * 
and slopes gradually towards other directions till it thins out at the peri- 
phery and forms a semicircular edge The 6dge is qmte sharp and the 
periphery is undulating specially along thq working edge The working 
face shows more marks of chipping on one side of the implement than on the 
other Out of the two main faces of the implement, one shows gradual 
bulging from the ’ surface d’utilisation ’ and becomes very prominent to. 
wards the ' surface d'accommodation ’ where the specimen becomes very 
♦bicle This face is marked by having a few radial strue which make tbia 
still more undulating towards the ' surface d’utilisation ’ Towards the 
' surface d’accommodation ’ this face has one more surface whidi is in- 
clined to it. This surface is triangular in shape with rounded comers and 
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sides bulging out The whole side shows marks of prominent chippings 
along the edge The corresponding face on the reverse side shows a tend- 
ency towards flatness, but no doubt, it too shows a very gradual nse from 
the edges towards the ' surface d’accommodation where the specimen 
possesses a prominent but depressed bulb of percussion with two very clear 
eraillures on each side of the origin of the bulb The bulb of percussion 
has lost its prominence due to the thickness and the massiveness of the 
specimen The face shows some concentric stnee which of course start from 
the bulb of percussion and are seen even upto the * surface d'utihsation ' 
They are shallow and flat and not at all prominent lyike the reverse face, 
this face too, possesses a triangular surface, with rounded corners and the 
sides bulging outside, at the ' surface d'accommodation ’ This face also 
contains marks of chippings which are very prominent at the ' surface 
d'utihsation ' 

The specimen weighs 17 oz It measures 5 2' along its greatest 
length, and 4 46' along its greatest width It is 1 6' thick at the butt 
end The implement was found near the confluence of the river Narbada 
with the Tawa about six miles at the east of the Hoshai^abad town It 
was picked up from the bed of a ravine in the land between the two nvers, 
which shows no outcrop of any sandstone 

This implement, without doubt, was intended to be a scraper with a 
semicircular face But looking to its sue and weight it becomes doubtful 
if it was used as such The hand which wielded it must have been power- 
ful and big to have a convenient grasp to use it as a scraper With an 
average modern hand it can very well be used as a hand axe, for the purpose 
of chopping or cutting The specimen, with its size and weight must have 
afforded an unique implement for cutting the branches of the trees As 
for the age, the implement seems to belong to Moustenan Culture It 
bears a very close resemblance to a Moustenan side-scraper figured by 
Schmucker** It also resembles in shape to a flake No 2436 figured by 
R B Foote ** 

Specimen No N/23 (B H V ) 

Plate XVI, Fig 6 

Fashioned out of fine-grained, browmsh looking ferruginous Vindhyan 
sandstone, elongated with pointed butt and curved edges, this celt or 
hatchet falls in groups 4 and 10 given by Coggin Brown ** The ^ecimen 


** Schmucker, 1026, p 79, flg 26 
» Foote, 1016, p] XII. 

** Coggin Brown, 1017, p 0 
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IS tapering towards the butt end along its length The butt end is bluntly 
pointed The specimen showS three faces, two main ones, opposite to each 
other and the third at one of the sides The side face is more or less an 
elongated hexagonal area, the elongation being along the length of the speci- 
men There is a small bulb of percussion on this surface with a prominent, 
elongated " eraillurc " and few marks of mild strokes for retouching the 
bulb of percussion Out of the two main faces, one shows a convexity, the 
axis of the curve being along the width of the specimen and near about its 
central part This face is devoid of any marks of fashioning, except a 
slight dent towards the left The whole face looks like a trapezium with 
rounded corners and bevelled edges, the butt end being its shortest side 
The corresponding opposite face, includes one small triangular area at the 
butt end This area is inclined to the main face At the union of these 
two faces there is a ridge This triangular area seems to be the result of 
chipping off a small flake with one bold stroke in order to provide a con- 
venient accommodation surface The main face, though flat, slopes gently 
towards the left till, at the union with the corresponding opposite faces, it 
forms an edge Towards the ' surface d’utilisation ’ the specimen shows a 
number of marks of chipping These marks are of mild strokes used evi- 
deully to obtain a sharp edge The utilisation edge is adze-shaped, curved 
and sharp The specimen seen as a whole is smooth and it appears that 
this has been acliuved by grinding Though the 'surface d’accommola- 
tion ' gives a very convement hand-grasp, it is very likely that the imple- 
ment may have been mainly used with a haft 

The specimen measures 6 1* from the ‘surface d’utihsation ’ to the 
butt end, 3 4* along its utilisation edge and 1 80* near the butt end The 
of the specimen at one of the lateral sides is 1 1* while the other 
side is a mere edge It weighs 12 7 oz 

The specimen is a neolithic celt It closely resembles the celt from 
Burma described and figured by Theobald** and also to one figured by 
Schmucker ** 

The specimen was found loosely embedded, about half out, in yellow 
alluvium about 2 ft below its junction witli black cotton soil The spot 
from where it was extracted is near the mouth of a uala near the Railway 
bndge on the right bank of the river It probably belongs to Camjngman 
Culture 


** Tlwobald, 1874, pt. 2, pi IIT, flgu. 1 a aad 1 b. 
*• Sehmuofcer, 1828, p. 90, fig. 82. 
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Specimen No NJ2i (B H U) 

Plate XVI, Pig' 6 

This implement is obviously a crudely made hatchet and is fashioned 
out of olivine Basalt It is thickest at the butt end and thinnest at the 
' surface d’utilisation ' with the result that it has got a tapering appear- 
ance The two side-faces are triangular in shape, while the other three 
remaining faces are oblong Except for one bold stroke at the butt end 
and one near an edge which shows a slight depression, the ^ecimen shows 
no signs of chipping All the different planes of the faces are tilted This 
causes the specimen to appeal like a solid trapezium The edge, utilised 
for the cutting purposes, is slightly curved and the two end corners have 
been rounded One side of this edge shows some indications of its having 
been ground just like a chisel 

The specimen shows uiiiforniity in length and breadth but not in 
thickness The lei^th from the ‘ surface d'utilisation ' to the butt end is 
4 66* and the width is 2 2* The greatest thickness is 1*6' at the butt 
end and reduces itself merely to an edge at the * surface d’utilisation ' 
The specimen weighs 14 or 

It was found near the Railway bndge about three miles from the 
Hoshangabad town lying loose in the bed of a small nala on the left bank 
of the river Narbada The specimen is fashioned out of olivine Basalt 
which does not occur near about the locality The interesting feature of 
the specimen is in the presence of three marks of slightly brownish colour 
which appear to be originally due to grease or fat, and which are yet pre- 
served in the implement These marks point definitely that this imple- 
ment has been fitted into a cloven handle and lashed with gut or stripes of 
wet hide or strong vegetable, the fat or grease of which has left these marks. 
If a haft IS attached to this implement it will appear like a stone axe figured 
by W J Sollas " Though this implement has not been found »« s»/m, yet 
from the mode of its fashioning and the way in which it was used with a 
haft indicate clearly to this celt belonging to later Neohthic age perhaps 
Camptgman or even Housian 
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ON SOME NEMATODE PARASITES FROM 
AFGHANISTAN 


Bv S A Akiitvr 

(Trotu the of Utulotjtf rmutitf of Medinne^ knhnl) 

Uoor 1 V <*d Ot*1 ob( i H HUM 

((’omniunK rtff»d b\ Di H M it /'ll 

In the following lujier certain paraMlic ncnidtodes ha\L been dealt with, 
which were recovered from difierent animals of this place, and a new species 
of the genit> 1 hubunea Seurat, 1914, has b^en desenbed The writer is 
greatly indebted to Dr H A Baylis of the British Museum (Natural History), 
Ivondon, for the useful suggestions on Syphactella and Sptrocerca He 
expresses his thanks to Dr G D Bhalcrao, Helminthologist, Veterinary 
Institute, Mukteswer, for kindly pioviding him with the necessary literature 
He IS also thankful to Dr M B Mir/a, Director, Zoological Laboratories, 
^Vligarh, for kindly going through the paper 

1 Family Sirongylidm Baird, 1853 -Sub-family SitongyUnee Railliet, 
1893 — Genus Siroftgylus Mueller, 1780, oi Goeze. 1782 Sirongylus equtnus 
Mueller, 1780 

Host —Horst Location — Ciecuin 

2 Family Oxyunda* Cobbold, 1861 — Sub-family Owuriner Hall, 1916 — 
(Venus Passalurtis Duj , 1845 Passalurus ambtguus (Rudolphi, 1819) 

Most of the rabbits which w^ere dissected in the laboratory, were found 
infected with the parasite 

Host * Rablttt Location — Colon 

Onus Lnlerobius Leach, 1853 k^tierobius vetimcularts (Linn , 1758) 

Host — Child Location — Rectum (Faeces) 

Venus Dermatoxys Schneider, 1866 Detmatoxys 

Among many (about 50) rabbits dissected, onlv two were found infected 
The specimens were, unfortunately, lost an the course of study, and heiitc 
their specific determination not done The examination, however, confirmed 
Mirza*s observations the cervical a’se m certain siiecimens extend beyond 
the cesophageal bulb, w'hile in others they are shorter and above it or 
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terminate at the level of the msophageal bulb, » e , the length of the cervical 
alte may differ in male and females of the same species ” 

Host — Rabbit Location — Colon 

Sub-familv Cosmocerame Railhet, 1916 — Genus SyphactMa kfonnig, 
1U21 Svphactellu tndtca Maplestone, 1931 



Pio l Stiphaeirlfa initiin Tati of male, ventral 

These -worms are the same as those of SypkactMa tndtca, but the wnter 
iinds five instead of four pairs of caudal papillae in the male Maplestone 
seems to have overlooked one pair of comparatively large and conical papiUse 
which IS situated immediately behind the cloacal aperture The tips of the 
papillae of this pair are often bent towards each otW As the specimens of 
the writer were not qmte mature, it was very difficult to see the most 
postenor pair but one, and so this pair of the caudal papillc is not shown 
in the diagram 

Host — Pterocles sp (Local name Bumaqara) Location — Oecum 

3 Family Sptrurtdte Oerley, 1886 — Sub-family Sptrunna Railliet, 
1916 — Genus Sptrocerca Railhet and Henrv, 1911 Sptrocerca lupt (Rud, 
1809) (aeS sangmnolenta) 

A pair of the worms of this species was recovered frmn the aorta of a 
domestic cat of Kabul They were quite mature, but of much smaller size 
than that given in literature The speaes occurs in the dog, wolf, jackal 
and fox, and has also been transmitted to cat experimentally Therefore it 
appears that they have occurred there accidentallv and their smaller size is 
connected with the fact that thci were in an unusual host 
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The male measures 8 902 mm m length and 0 640 mm m tluckness, 
the female 31 421 mm and U 064 mm respectively The buccal cavity is 
about 0*070 mm long The oesophagus is 5 247 mm long in the male and 
0 558 mm in the female The left ^icule is 2*305 mm long and the right 
0 600 mm in the female the tail is 0 283 mm long and the vulva is 
0 063 mm from the postenor end of the cesophagus The eggs measure 
0 026 X 0 010 mm 

Host — Cat lyocation — Aorta 

4 Family Physedoptenda Leiper, 16^)9 — Sub-family Physalopierttue 
Railliet, 1893 — Genus Thubutuea Seurat, 1914 Iktibuneea baylist N Sp * 

The cuticle is coarsely stnated and lateral alee are absent The head 
bears a pair of submedian cephalic papillae The mouth is with two lateral 
rounded lips, the internal surfaces of which are armed with three blunt and 
forwardly directed tooth-like structures The pharynx is short and with 
delicate walls The casophagus is clearly divided into two parts, an 
anterior muscular and a postenor glandular The cervical papillae are 
situated near and behind the nerve*ring and the posterior part of msophagus 
begins in front of the cervical papillae The excretory aperture is behind 
the cervical papill<c and the intestine is straight 

The male measures 14 334 mm or more in length and 0 286 mm in 
thickness near the middle of the body The head is 0 043 mm in diam , 
and the length of pharynx is about 0 049 mm The first paut of the 
oesophagus is 0 190 mm in length while the second paul is 1 393 mm 

The nerve-ring is situated at about 0 167 mm , the excretory aperture 
at 0 300 mm and cervical papillae at 0 207 mm from the anterior end of the 
body 

The caudal alae are well developed, quite symmetrical, finely striated 
transversely and meeting ventrally in front of cloacal aperture The tail 
is 0 246 mm long simply comcal and digitiform and slightly curved to the 
dorsal side The ventral surface of the tail with papilliform elevations 
exhibiting a verrucose appearance There are altogether thirty caudal 
papillae — 16 on the left and 14 on the nght side' • The spicules are subequal, 
lightly chitmised, and about 0 160 mm long, their i^oxtmal ends nearly 
truncate and distal pointed 

The female measures 22 016 mm or more in length and 0 400 mm 
in diam near the middle of the body The head is 0 063 mm in dtam 


* The spMlea It named after Dr H Baylle of the Brltiah Musoum, London 
(Bnalahil) 
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and the pharynx is 0 056 mm ni length The hrst pait of the a*sophagus 
IS 0*193 mm long while the second part is L 667 mm 

The nerve-nng is situated at about 0 217 mm , the excretory aperture 
at 0 313 mm and cervical papillse at 0 273 mm and \ailva at 3 083 mm 
(or at about 1/7 of the total length) from the anterior end The vulva is a 
little salient and the vagina is 0 134 mm long, is nearly right-angle to the 
body surface The eggs arc with thick shells and contain larvae when 
deposited The larva is 0 007 mm thick and the size of eggi^_ is 
0 060 X 0 037 mm* 

The tail is 0 400 mm iti length and terminates into a small conical 
process 

Six species of the genus 7 hubune<e have been so far described 1 pudtea 
b> Sturat in 1914 , T parken and 7 asymmeirfca by Baylis in 1926 and 
. J Jitzsafmmsi b> Ortlepp in 1931 , and 7 greytcola and 7 agamte b> 
Saiidground in 1933 The new species T bayhsi diiTers from all the above- 
named species in most of the measurements and is differentiated from all 
of them by its lips armed internally with only three blunt forwardly directed 
leeth The posterior part of the cesophagus begins near and behind the 
nerve-nng In spite of the peculiar arrangement of its caudal papillae, the 
caudal alse are symmetneal and }oin with each otlier in front of the cloacal 
aperture The vulva is situated at about the anterior 1/7 of the body 
length 

Host — Agama sp Location — Stomach 



rt h i 

Ftn 2 Tbubunea; bay7t«i a-AnteHor (ndrenuty of fetniJe, lateral view ; b-Poeterlor 
<**treniilT mate, ventral view ; 
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The type specimens of the new species have been deposited in the 
Museum of the Zoological I^aboratones, Muslim Uiiiver'sity, Aligarh 
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A SYSTEMATIC ACCOUNT OF SOME 
SOUTH INDIAN DIATOMS* 

By G Venkatakajian, B Sc (Hons ). M Sc 
V HU<cra\ijf llokiny Labtiralory, JUadra* 

Hi*coivul October JO, 11)00 
((*ommunicAte(i by J)i M O P lyengai ) 

Tkl number of papers dealing with systematic accounts of Diatoms from 
the different parts of India has been so far very few The first important 
account of the diatom flora of the Indian region was given by Grunow (1805) 
in a paper on the Diatomaccai and Desmidiacese of the Island of Banka near 
Singapore In this paper he gives an account of 31 species of diatoms from 
the island Previous to this Wallich in 1860 recorded 2 diatoms from the 
digestive cavities of the Salpae Zeller in 1873 recorded one diatom from 
Burma The following foot-note in his paper states, *' The diatoms from 
Burma (about 60 or more species) arc not yet desenbed , Dr I, Rabenhorst 
of Dresden has, however, been kind enough to undertake the determination 
of them (*S Kurz) ” I am not able to trace if any account of these diatoms 
has been published anywhere In 1882 George Dickie in a paper on some 
algse from the Himalayas gives an account of 28 diatoms Leuduger- 
Fortmorel (1879) has given an account of a number of diatoms from Ceylon 
He (1893) has also recorded nine diatoms from Malaya and the neighbounng 
areas Schaarschmidt (1886) in a paper on Afghanistan algte, has given an 
account of 22 diatoms W West and O S West (1902) has recorded 49 
diatoms from Ceylon In 1907, they published a paper on the Fresh Water 
Algse from Burma including a few from Bengal andMadras, wherein they have 
given an ac'count of 59 species, of which two were from Vizagapatam in South 
India Pram (1905) recorded three forms from Hughli-Howrah districts. 
Carter (1926) m her account of some algse from North India recorded 49 
H fatntna SkvoTtzow (1930) recorded 99 forms from Ceylon, and 56 forms 
from Calcutta (1935) Biswas (1932) has given kn account of the records of 
diatoms from India by various workers upto 1932 He (1932, 1935) 
records 3 diatoms from Upper India and 9 diatoms (1936) from the Doktak 
I^e, Mampur, Assam In 1935 Abdul Majeed published a paper on the 
Panjab diatoms wherein he has given a detailed account of 62 forms 

* Pram tho tTnivemit) Botany Laboratory, Modraa TlMmta(in part) Hubuiitted 
toi the degree of Maeter ot Hoioni n m the tlnlversity of Madias 
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It may be seen from the above that all the records have been from 
Upx)er India, Burma, Malaya and Ceylon, and that, with the exception of the 
two diatoms recorded by West and West (1907) frmn Vizagapatam, no work 
has been so far done on the Diatomaceae of South India 1 have therefore 
attempted to give a detailed account of the Diatomaceec collected m this 
region 

This work was taken up at the suggestion of Prof MOP Iyengar 
The diatoms dealt with in this paper comprise the collections of several people 
including some made by myself Prof MOP Iyengar was kind enough 
to place his valuable collections from different parts of South India at my 
disposal A good collection of diatoms from the Nilgiris was kindly handed 
over to me for examination by Dr T Ekambaram The stomach contents 
of a fish caught in the river Adyar at Madras by Prof R Gopala Aiyar and 
of another caught by Dr B Sundararaj in the Penyar Lake, Travaucorc, 
were examined, and quite a number of diatoms were found in them f 

A large number of brackish-water diatoms was collected by me in 
connection with my paper on the ecology and seasonal succession of the 
diatom flora of the river Cooum which runs through Madras A systematic 
account of these diatoms also is included in the present paper 

I take this opportumty of expressing my sincere thanks to all the above 
people for their kindness in placing their diatom material at my disposal 
I also wish to thank my several friends who were kmd enough to hand over 
at various times small samples for examinations 

All the drawings were made with the aid of a Zeiss Camera lucida with a 
Zeiss oil-immersion ob 3 ective 90 (ap 1 *25 , tn Ins) or 120 apochromat 
(ap 1 S) and with compensation ocular No 10 or 15 The drawings were made 
from specimens carefully cleaned, dehydrated and mounted in Canada balsam 

Tlie material is first treated with concentrated hydrochloric acid After 
an hour, it is washed m water two or three times with the help of a centnfuge 
It IS then treated with an equal quantity of concentrated sulphuric acid to 
which a few crystals of potassium dichromate is added The mixture is then 


t Diatoms found in the atomach contents of the A<th from Adyar i— 

Pleuroaisma Mlttwrum iV»(»rhtaabf«aavar. »talptU»f»rtnU 

Amphora eoffeaformM Iftlaaehta HooUrtum 

IVavtoula dtgUoraduiia 

Dlatomii found In th* stomach content n of the flah from Prwyar — 

MfloBiTa franvlaia PMnularta tnierrupta t genmna 

CpdoUUa AfeneyAtniana CpmMla twiptia 

iffunotia ptoudolunaria ep nov, Coceoneie pfarmfiila ver. eupl^Qtte 
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allowed to stand for two to four hours After thorough washing iii water with 
the help of a centrifuge, the frustules are preserved in 6% formahn In the 
case of diatoms with weakly sihcihed walls, dilute hydrochloric acid alone is 
used 

On a slide previously smeared w'ltli a thin coating of Mayer's albumen, 
a drop of the cleaned material is placed This drop is cither allowed to dry 
up of its own accord or gently heated over a flame to drive off all the water 
The material on the slide is then dehydratc'd m 95% akohol and tlien in 
absolute alcohol, and then given two changes in xylol and iinally mounted 
in Canada balsam 

Where the specimens are stray, the slide with the matenal on it is gently 
heated over a flame so that all the water evaporates Then the matenal 
sticks to the slide After cooling, the slide is placed in a jar contaimng 
concentrated sulphuric acid to which a few crystals of potassium diehromate 
IS added The slide is kejit in the mixture from about 10 minutes to 6 hours 
depending upon the nature of the sihcification of the diatoms It is then 
washed m running water for about an hour and then passed through the 
alcohol and xylol and finally mounted in Canada balsam 

On the whole 98 forms are desenbed representing 33 genera , of these 
98 forms, 67 are new records for India, 3 are new species, 6 new vaneties and 
6 new forms 

'fhe classification of Hustedt (1930) was follow'ed in the arrangement of 
the several forms As far as possible, only those references that I was 
actually able to consult arc given under the several species 

Bacillariophyta (Diatomeae) 

A Order CENTRALES 
I Suborder DisciKEiB 
(1) Family CosciNomsCACEat 
(a) bubfamily Melosiroideae 

Genus Melostra Agardh, 1824 
Subgenus Eumelostra 
1 Melostra duhta Kiltx 
(Eig 8) 

lIuRtedt, Fr , Rabenhoivl'K Kr/fpioffaMeM- Flora, Bd. VII, Tul 1, IV30, p. 231, 
f»g »7, 

Frustules in long chains united by gelatinous cushions Frustules with 
short mantle portions and arched discs Sulcus and neck absent Pseudo- 
sulcus broad. Cell walls strong 
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DtmetMons • — 

Diameter . . . 17-38|^ 

Height of the half cell 8-14 {i 

Habitat — Brackish water Ennore back-waters, Madras (') 

The discs are more arched than in the type and look elongated in the 
specimens observed The faint punctse on the valve surface were not 
observed 


2 Melostra granulata (Ehr ) Ralfs 
(Ftg 1) 

Schunfoldi. I’aHCliei’K Swawaaaer-Flora, lleft 10, 1013, p. 10, Ok 0, Boyer, Syn 
N Am Dmt , 1027, |» 20 , llusteiU, Pr , Paacht‘i*H Flora ^ Heft 10, 1030, 

p 87, Og il , UusUdt. Kr , Ualjonhorst's Kryptogamen Florae Bd VII, Toil 1, 1030, 

p, 248, flg 101, rt, t‘, c 

Mcloaira polgmorphu subsp granulaia (Haifa) Boihgc ; Bothge, Kolkmis IHanzen* 
JoTschungy Ueft 3, 1025, p 30, Tiifel 1, fig 1 

Krustules cylindrical, robust and stiff in detached filaments Mantle 
portions cyhndrtcal, discs flat Small pseudo-sulcus present Sulcus some- 
what shallow Neck fauly big Mantle line straight, parallel Mantle 
surface punctate, puncta coarse in more or less spiral rows The outer shell 
always coarsely punctate, their puiicta rows being parallel The same cells 
have spines projecting outside as well os inside the cells 

Dimensions — 


Diameter . 8-12 

Height of the half cell . 8-12 ft 

Rows of punctse in the upper cell . 8- 9 m 10 

No of punctec in the upper cell 8-10 tn 10 

Rows of punctse in the lower cdl 10-14 m 10 /t 
No. of punctse in the lower cell . . 10-12 m 10 ft 

Habitat water Plankton, Red Hills Dake, Madras, 1%, 
S V Ganapati Fenyar Dstke, Travancore, from the stomadi contents of a 
fish leg , B Sundararaj 

This form agrees with the type 


• Tbi' dlraoiwionA gWen undei tlio varloiin forniM In thl8 paper ore thoM oetuiilly 
lound in Uir innli'iial txaniluod bv mo 
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3 Melostra granulata (£hr ) Ralfs var 
angusttsstma Mull 
(Fig 2) 

Hufltedt, Fr , Pa«cher’s ~Plora^ lleffc 10, 1000, p 88, fig 45 , Hustodt, 

Fr , Habenhorat'fl Krypioga men- Flora ^ Bd VII, Tell 1, 1930, p 250, fig 104, d 

Filaments long with narrow and long cells, the height of the cells being 
several times the diameter 

Dtmenstons — 


Diameter 

Height of the half cell 
Rows of punctse lu the upper cell 
No of punctfe in the Upper cell 
Rows of punctie in the lower cell 
No of puncta: in the lower cell 


3-6 n , mostly 4 fi 
U-l4/i 
8-10 in 10 /i 
8-10 m 10 /i 
10-12 in 10 II 
10-12 in 10 It 


Habitat — Fresh water Red Hills I«ake, Madras, leg , S V Ganapati 
This form agrees with the type 


(6) Subfamily Scelctonemoidea: 

Genus Sceletonema Greville, 1866 
4 Sceletonema costatum (Grev ) Qeve 

(Fig «) 

Van Heurck, Traile' dea DMiomtea, 1890, p 437, pi 33, fl|{ 880-800 , Oran, II H , 
Jfordiachea platMon, Boinmaher Tail, Bd VIII, 1008, p XIX 13. flg 7 , Huatedt, Fr , 
Habenhorat’a Kryptoguman Flora, Bd VII, Tell 1, 1030, p 311, fig 140, Loboar, 
Mnile, V ) FlanManit litaioma of Northern Saaa, 1030, p 70, flg 43 

Frustules weakly siliafied Cells lens-shaped Ends of cells rounded 
Long spines connect the cells to form usually straight chains The spaces 
between the cells are longer than the cells themselves 


Dimensions — 


Diameter .. .6 6-14 

Habitat — Manne Flankton of the nver mouth Cooum, Madras (I) 
!nii8 form agrees with the type 


Genus Thalassiostra Cleve, 1878 
5, Thalasstosira mairginata sp nov. 

(Figs 12, 13) 

Frustules drum*8haped, quadrangular in girdle view, su^le, occasionally 
united in twos Valves round with two chromatophores more or less lobed 
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between which lies cccentncally a very small nucleus Along the 
margin of the valve are present 18-22 small puncte The punctse are seen 
in the girdle view also 

Dimensions — 

Diameter .. . 4-6 

Marginal punctte 18-22 

Habitat — Brackish water River Cooum, Madras (I) 

This form occurred as plankton of the nver Cooum during the North- 
East Monsoon Season (Oct -Dec , 1936) Sometimes it was found in such 
enormous numbers as to impart a browm^ yellow colour to the water 
A similar thing was noticed by Kolbe and Tiegs in lower Werra because of 
the presence of a small species of 7 halasstostra akin to the present one 
(Kolbc and Tiegs, Ber d Deut Bot Ges . Bd XEVII, 1929, p 418, Abb 2) 

In girdle view the height of the diatom as compared with Tkaia&stostra 
nana Dolimanii is much more in the present form than in Eohmann's figure 
of Th nana (Hustedt, Rabeuhorst’s Kryptogamtn-Flora, Bd VII, Teil 1, 
1930, p. .131, Eig 167 a, b) In girdle view the outhne of the valve side is 
wavy in Th nana whereas in this form it is qmte straight and the sides 
parallel. In the case of Th nana there are no stnations or punctte at the 
periphery of the valve view , but here, there are 18-22 punctee clearly visible 
Again, l«ohmann’s form has 4 chromatophorcs whereas there are only two in 
the present form 

This form agrees with Kolbe and Tiegs’ form {Ber d Deut Bot Ges , 
Bd XI<VII, 1929, j) 418, Abb 2) in certain respects, vtz , the two chromato- 
phores, the absence of the unpaired process and in the presence of the 
marginal punctee The marginal punctee arc 8-10 (constantly 9) m their 
form whereas in the present one they vary from 18-22 In the girdle view 
also the punctse are seen along the margin 

(c) Subfamily CoscinodiscoideK 
Genus Cyclotella Kutzing. ET, 1834 
6 CycloteUa stelltgera Cleve and Grunow 
(F«g 10) 

no Toni, Hull Ala , Vol II, part i, 1894. p 1355; SobOoteldt, Pawher’a SUM- 
watwr-Flortt, H«ft 10, 1913, p 18, flg, 13 t Hnstedt, Pr„ PMcbor’s SHatwateer-Flora, 
Uett 10, 1930, p 100, fig 95 ; Huntodt, Pr,, BabeaboMt*6 Krjfpiogamen^FUtra, Bd Vll, 
Toil 1, 1030, p 330, fig 172 

Valves discoid, margins narrow, strue coarse and distmet The middle 
field has a star-like structure with a central puncta and radiating thick and 
short lines. 



A Systematic Account of Some South Indian Diatoms 


299 


Dimensions — 

Diameter 11-13 /* 

Stnee . 10 m 10 ft 

Habitat — Fresh water As stray specimens in the plankton of an 
irngation tank at Vandalur, Madras, leg , K G Veeraraghavan 

The radiating short lines in the middle field as given in the descnptions 
are elliptic lanceolate in the specimens observed 

7 Cyclotella Meneghiniano Khtz 

(Figs H, 14) 

Dc Tont, Syll Alt) , Vol II, part 2, 1834, p 13.'>4 , Van Henrck, TraiU’ de» DuUO‘ 
1809, p 447, pi 22, fli; (I5(J , N Am, Iliat , 1920, p 38 , Ilnstedt* 

l<’i , I’aachei'a S&sineasneT~J''1i)Ta , Hell 10, 1930, p 100, Off 07, Husteill Fp , Hnbi‘n- 
liorsi'a JTPi^plodamen- Flora, Bd VIT. Tell 1 , 1 030, p 341, lla 174 

Frustules discoid in valve \n\t, rectangular and undulated in girdle 
Mew Margin well defined, coarsel> striated and the striae wedge-shaped 

Dimensions — 

Diamctir 11-30 /a 

Strise 8-lOinlOfi 

Habitat — Fresh and brackish w'aters Common 

The central portion at first sight appears to be quite smooth, but under 
very high magnificatioas show extiemely fine radially arranged punctse as 
figured by Van Heurck {pp cit , pi 22, fig 658) This form agrees in all 
respects with the tyiK It is found as a very common form in the ponds and 
pools and is also capable of accommodating itself to salimty This form 
occurs fairly in abundance in the plankton of the river Cooum and its 
development is stimulated through an increase in the salinitv Therefore 
this form is grouped under " Halo]>hiloas forms" according to the classifica- 
tion of Kolbc 

8 Cyclotella Kutzingiana Thwaites 

(Fig 9) 

Do Toni, Syll Alg , Vol II, part 2, 1804, p 1369, BohOnfeldt, PiMcher's StlM- 
tvaeser-Flora, Heft 10, 1918, p 10, flij 18 , Boyer, Syn N Am DuU , 1026, p 88 j 
Huetadt, Fr , PMchec's Svmwwiut- flora, Heft 10, 1030, p 08, lia 32 , Hustiedt, Fr , 
Babenhomt’a Kry^^oganun-Flora, Bd VII, Teil 1, 1030, p 888, fig 171 a * 

Frustules single, free floating Valves disc-shaped Central portion 
of the valve punctate, puncta scattered. Stnations symmetrically radial, 
somewhat extending to the middle Near the margins they appear broken 
through their q}arkling nature 
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Dimensions, — 

Diameter . 18-24 ft 

Striae . . 12 in 10 ft 

Habitat — Brackish water River Cootim, Madras ( < ) 

This form agrees quite well with the type 

Genus Cosanodiscus Ehrenberg, C G , 1838 
9 Cosanodtscns Granit Gough 
(PI XVII, Fig 2 , Figs 16. 17) 

Oran, II TI . Nordiachee plufikion, HoInniHcher Ted, 1908 p XIX 34, tig 36; 
Ilustelt Fr , Ha.hPThot»t\ JCrff pioffanien- Flora Bd VII, Tejl 1, 1930, p 430, fig 237 ; 
liP\>ovir Marit'. V , PlanMon Vuiioms of Northern Sene 19*10, p 44, fig 20 

V'alves rounded, aenolated, aenolations bigger in the centre The highest 
point in the valve is eccentric and therefore wedge-shaped in girdle view 

Dimensions — 

Diameter 229-240 ft 

Habitat — Marine From the plankton of the river mouth Cooum, 

Madras (I) 

Under a high magmfication there appears to be a thickening like a 
nodule in the central portion of one of the valve surfaces The other valve 
has got a different pattern in the central portion 

II Suborder BroDtitPHiNBA 
(2) Family CB4$TOCBKACBi!t 
Genus Cha:toceros Ehrenberg, 1844 
Section Brevicatenata 
10 Chatoceros ortentalis Schiller 
(Figs 3. 4, D, 7) 

Huatodt Fr , ItHlienhorat'a Kryptognmen-Ftora. Bd VII, Toil I, 1980, p. 721. 
«g. 413 

Chains long, straight and stiff Valves elhptical. Frustttles connected 
to each other by a short process ansii^ frun the slightly gibbous middle 
portion of the cell Bristles long, thin and smooth End bristles stronger 
and ^onger 

Dimensions — 

Irength of the valve (apical axis) . 10-15 >6 ft 

Habitat — Bradush water Plankton of the river Cooum, Madras ( I ) 
Abundant in the month of September 1936 
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A solitary speatnen with a restii^ spore (I*ig 16) was found m the 
collection The resting spore of this diatom has according to Hustedt 
(pp cii , p 722) not been known previously The resting spore has a smooth 
thick wall and in general shape resembles that of Chatoceros Muellert lyemm 
(op ctt , p 756, hg 439) and Chatoceros subsalsum Lemm (Kolbe, Pflanzen- 
forschung, Heft 7, 1927, Taf II, Fig 28-31) which Hustedt considers it the 
same as Choeioceros Muellen 

In this connection may be mentioned Lebour’s view (Planktonic Diatoms 
of Northern Seas, 1930, p 105) With regard to the resting spores of Chato- 
ceros Lebour says that “ the young resting spores are often smooth, the 
armature coming on later” It is not clear whether the spore observed by 
me IS only in a young condition which will develop armature later on But 
the resting spores of ( hatoceros Muellert and Chatoceros subsalsum also 
show smooth walls So it is ]iist probable that the smooth-wralled resting 
spore m my specimen represents the fully de\ eloped condition 

Subfamily Anadlee 
Genus Terpsince Ehrenberg, 1843 
U Terpsina mustca Ehr 
(Figs 15, 18. 19. 20, 21) 

Do Toni, Sj/ll Alf/ , Vol II. I SOI p 801 . Vnn llouM'k. Traile’ dm PmtomSee, 
1809, p 452,11(1 17(t,Doipr V Im D»«l, 1027, p 111 Iliinttidt , llAben- 

horat'A Kryjdnqamfn-Flora, Bd VII li'il 1, 1010 p HOS ll({ 710 

Frustules in girdle view quadrangular, united in long zig-zag chains 
The several septa of the friistule have their inner margins curved and slightl> 
thickened resembling the musical notes V'alves linear, elliptical with undu- 
lating sides and slightly knobbed at the ends, divided by the septa into 6 to 7 
parts Surface coarsely punctate and finer at the ends In some cases the 
surface is both punctate and reticulate, the reticulations being irregular 
A central big pore is seen in the middle of the valve 
Dimensions — 

I^ength of the valve 95-148 

Breadth of the valve in the central 
part • 35-40 fi 

Rows of punctse in radial rows 10 m 10 ft 

Habitat — Fresh water Agri -Hort Gardens, Madras ( I ) 

This is an epiphyte on Ptthophora and Cladophora occurring in plenty 
adormng the algal filaments like festoons It is found almost throughout 
the year in one particular pond 

It i^ees with the type quite well. 
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B Order PENNAI.ES 
r Suborder Araphidike;^ 

(1) Family Fuagu^ariaceje 
(a) Subfamily Tabellanoideee 
Genus Tabellana Ebrenberg, CG , 1840 
12 Tabellana fenesirata (I.yngbye) KUtz 
(Pigs 29, 35, 41) 

Smith, W , Syn Bnt Diat , Vol 11, 1856, p 46. pi XLIII, fig 317 » I>e Toni, 
SylL Aly ^ Vol IT, part 1, 1861, p 74*1, Van Heurck, 7*ratte* des DxaiomiB^, 1869, 
p 366, pi 11, flg 477 , Bover, Syn S Am Dtai , 1 926, p 161 , Hustedt, Fr , Paaoher's 
SiUMiuitier- Flora, Heft 10, 1030, p 122, Ag 09, Hustedt, Pr , Rabenhot^t*fl Krypto* 
yampft- Flora, Bd VtT, Toil 2, Llof l-l, 1931-32* p 26, Ag 664 

Frustulcs rectangular in girdle view, united at the corners by gelatinous 
cushions to form zig*zag chains Septa straight, two at each end, extending 
nenrly ti the centre Valves linear, elongated, inflated in the middle and at 
the ends 

Dimensions — 

Length 7l-*85/x 

Breadth IS p 

Habitat — Fresh water stream, Pykara, leg , T IJkambaram 


Fifl 1 — Melo9%ni granuhila (Ehr ) RaUe x 1000 

Flo 2 — Melosxta granulaia (Khr ) RaUn var, angMiunnma MUll X 1000 

Fig 3 — ChfetoeeroB orteniahB Hthillei Oell in valve a lew x 700 

Fig 4 — Chmioreroo ortenUiUH Bchilloi \ portion of the chain x 700 

Pig 7 -^^ChfrioceroB oriental ta Hrhillei Coll with a rcHtlng upon* x 700, 

Fig 6 — Sreleionema coaiatnm (Grev ) Clove x 600. 

Fio 7, — Chmfoceroa ortenialia Bchillot Beginning call of a c Imiti x 800 

Pig 8 — Meloaira dubut Ktttz x 700 

Fio 0 — Cyclotella Kikhtngiana ThwaitcR, x 1000 
Fig 10 -•--Cyclotella atflltgeva Cl u Onm x 1600 
Fig 11 — Cyclotella Mencghinmna KtttK Valve view x 1000 
Fig 12 — Thalaaatoatra marginata sp no\ Valve view. X 1600 
Fto 13 — Tkalaaaumra margtnata sp nov Girdle view showing the chloFopladts and 
the small nucleus x 1600 

Kio U — CycltAella Meneffhmtann KllU Girdle view. X 1000. 

Fig 16 — Terpatnfc mtiaiea Ehr Coll with chloroplasts and nucleue. x 500 
Fio 16 — Coscinodwcue Grann Gough Central portion on one side of the valve 
showing a nodule-llke thickening x 1600 

Fio 3 7 — Ccwo^nodisous Orantl Gough. Central portion on the other aide of the valve. 
X 1600 

Fig 18 — TerpetfUt mtietca Ehr CoIIh united In a sig*zag chain* x 86 
Pig. 19 — Terpainea muauta Ehr Cell In girdle view x 800, 

Fig* 20* — Terpmna muausa Ehr Cell in valve view, x 850. 

Fig. 21. — Terpainm mueira Ehr A part of the girdle view magnifled. x 1600 
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The frustules uf this diatom were found at the mouth ai the Adyar 
estuarv in brackish water No living specimens were found ui the region. 
Since this is a fresh-water form, it is evidently brought down from the 
upper reaches of the river where the water is fresh and not saltish at all 

It agrees with the type in all respects 

13 laMlarta flocetdosa (Roth) Kdtz 
(Figs 23. 24) 

Hmitti, W.. 8yn Bnt IHat , Vol II, 1856, p] 45. pi XIJTI. fig 316 , Do Toni, 
Syll Ahf , Vol TI» part 1, 1801, p 714, Van Tleiirck, Traite* des DtaiomSeg^ 1800 
p *157, pi 11* flg 4T8 , Hchdnfeldt, Paschet'a 10 , 1013, p, 27, 

fla 32 , 8 fin A' Aw Dial , 1920, p 152 5 HuHtedt, Fr , Paschor'a 

FhrUf n 4 »fl 10 , 1930 p, 123, fig 101 , Hustedt, Fr , Kabeuhorst’a Kryptoyamen^Floraf 
Bd VII. Tell 2, Lief 1 -i, 1931-32, p 28, ftg 558 

Frustules quadrangular with from 4 to 8 septa, incurved at each end, 
and alternating with those of the opposite end Valves linear with median 


inflation larger than the terminal 


Dimensions — 


I,ength 

20-24 #* 

Breadth 

, 8 — 8*3 #* 

Stria: 

. 15 m 10 #* 

Habiiat — Fresh water Road side 

ditch, Kodaikanal, Pidneys, leg . 


K S Srmivasan Fresh-water stream, Masingudi, Ootacamund, leg , 
T Bkambaram Fresh-water stream, Pykara, leg , T Bkambaram 

The specimens observed are wider in the middle of the valve agreeing 
with the figure given by Van Heurck {op cil , pi 1 1, fig 478) 

{b) Subfamily Fragilanoidese 
Genus Fragtlana Byngbye, 1819 
14 Fragtlana intermedia Gran var robusta var nov 
(Figs 27. 42) 

Frustules in girdle view linear, rectangular, united together to form 
long bands Valves linear with parallel sides and gradually tapenng ends 
Ends slightly capitate Strue coarse and distinct and on one side absent 
m the middle region and therefore with a umlateral central area 

Dimensions — > 


Eength 

Breadth 

Strue 


. 72 - 140 #* 
5 - 8 #* 

.. 11-12 111 10 #* 


• ■ 
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Habitat — Frebh water stream, Vaiyampatti, Tnchiti(^oly, leg , M O P 
Iyengar 

This form shows some resemblance to Fragtlaria mrescens Ralfs (Hustedt, 
Fr , Rabenhorst’s Kryptogamen-Flora, Bd Vri, Teil 2, Lief 1-4, 1931-32, 
p 102, Fig 672 in its size and to some extent to Fragtlarta capuctna Desma- 
zieres {op at , p 144, fig 659, a-e) in the nature of the central area But lu 
the girdle view the frustules do not show the white hyaline band in the middle 
characteristic of F capuctna The stnae are coarser aud far apart in the 
Vaiyampatti speamens than in F vtrescens This form resembles Fragtlarta 
tniertnedta Gruu {op at , p 152, fig 666) somewhat iii the slightly capitate 
poles, the unilateral central area aud in the nature and number of the strue 

The Vaiyampatti form is by far larger than F ttUermedta and unlike thi 
latter has parallel sides 

15 Fragtllana brevislnata Grmi , forma elongala f nov 
(Figs 25,26) 

Frustules in girdle view linear, rectangular, forming small bands 
Valves linear lanceolate with rounded ends Strwe very short and marginal 
Fseudoraphe broad 

Dimensions — 

Length 30-41 /* 

Breadth 3-4 5 

Stria; 12-14 in 10 

Habitat — Fresh water pond, Agn -Hort Gardens. Madras (1) 

The form agrees in all respects with the type but differs from it in lieing 
very much longer The Madras form has a length of 30-41 ft while the type 
IS only 12-28 (t long 

Genus Synedra Bhrenberg, C G , 1830 
16 Synedra ulna (Nitzsch) Ehr 
(Figs 37, 39. 43) * 

De Toni, Sytt, A\g , Vol IT, part 1, 1891, p 0^3 , Van llaurck, Traite’ det Dtata 
nUba, 1890. p 810, pi 10, 6g 400 , Boyni.lfyH N Am Xliot 1020, p 168 , iluatodt. 
Fr., Paaohor's Siteneatetr-Ftora, Heft 10, 1930, p 161, Akb 158-50; Unitedt, Fr. 
liabenhowt'a Xryptaffanun-Flora, Bd VII, Tel) 2, Lief 1-4, 1031-32 p 105, flg 091 A, 
«-r. 

Frustules m girdle view linear, somewhat broadened at the ends Valves 
linear to linear lanceolate gradually tapering or tapering only near the ends ; 
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ends rounded Pseudoraphe narrow, linear Central area rounded or rect- 
angular Stnae coarse 
Dimensions — 

Length 80-137 

Breadth 3 5-7 ^ 

StnsB 10-12 jn 10 fi 

Habitat — Fresh water stream, Vajyanipatti, near Tnchj nopoly, 
MOP Iyengar Red Hills Lake, Madras, leg S V Ctanaiiati Fre^h 
water pond, Presidency College Garden, Madras (^) Fresh water ponds, 
Agn -Hort Gardens, Madras (*) 

The specimens observed agree w'lth the type quite well 

17 hynedra ulna (Nitzsch) Ehr , var Oxyrhynchus (Kutz ) \ an Heurck 

(I*ig 3«) 

Van JI(*urck, TraiU' dea Omtomaen^ tHtIO p Ml pi 10, fl^r 41H lluHtodi, Fr , 
FaH(her*H SwasvoaHwr-Flora^ Heft, jO, lOSO, p 152 fl(r 100 , IJnnietli, Pi , KabeuhorHt^H 
Kryptoffumen^Flora Bd MI, Toil 2 laof 1-1, 10H-?2 p 19S, fljr 001 B 

I^'rustules below 100 /i ni length, delicately striated and the strise closer 

Dimensions ~ 

Length 00-90 fi 

Breadth • 5 ^ 

Strise 14-16 in 10 /i 


Fio 22 — E'unoita ijertuiahut (Dlllw ? Kttfcz ) Babb vai ffibbuloatift var nov x 8(Wl 
Fra 2^ — Tabellarut flocetUoaa (Botli) KUtz Onjlrt m valve view x IlOO* 

Fio 24 — TafnUariu ftoeculoHa (Uoth) Ktttz Cells in n tUain X 1100 

Piofl, 25-26 — Fr€to%larw brevtelnaia Oriin f elonyata f iio\ y 1000 
Fig 27 — Ffao%laT%a, inieTmethn (Spun var rohmia var nov Celia in a band x 800 
Fio. 28 — Synedta ulna (Nitzach) Ehr var amphirhynrhus (Ehr ) Urun End portion 
showing tbo mnscilage pore, x 1000 

Fxo. 20 — Ted>eUafiafene8traia (Lyng ) KUte A cell in valve view showing the stpta 
X 325 

Fig 30 — Symdra ulna (Nitz ) Khr var amph%rhyn<;huH (Ehr ) (Irun x 500 
FiOB 81-32 . — Bynedta ulna (Nitz ) Ehr var amphirhynchua (Ehr ) Omn Middle 
portion of the valve showing the variations in the stiiie. x BKiO 
Fig 84 — Aeienonellajapontca Clove spiral colony , cells with ohloroplasts x 250. 

Fig 35 — TabeltanafenaHrata (Lyng.) Kfltz A cell in girdle view y 325 
Pig 36 —5yn«dra ulna (Nitz ) Ehr var oomtneta vav hov x 1000 
Fig 37 — i9|fnecfra wlna (Nltz ) Ehr x 700 

Pig 38 . — Synedra ulna (Nitz.) Bhi vai oxyrkynchua (Klitz ) Van Heurck x 700, 

Fig 30 — Synadra ulna (Nitz ) Ehr x 700 
Fio. 40.— Funefui monoden Ehr x 1500 

Fig 41— TaMloWa faneatrata (Lyugb ) KUtz tVIls connected in a zigzag chain. 
X 100 

Fig. 42. — fy«i^»teria inferiwsdia C^tun var rdbuala var. nov x 1000 
Pig. i9,-^8ynadra ulna (Nitz.) Ehr. X 800. 
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Halnlat — Fresh water pond, Presidency College Garden, Madraif (1) 

This form was found attached to some debris near the edge of the pond 

18 Syntdra ulna. (Nitzsch) £hr , var amphtrhynchtts (Ehr ) Grun 
(Figs 28. 30. 31, 32) 

Sch6nf<*ldt. Pawtht r’t* ShftswfUfatr- Flora Heft JO, 1913, p 19, Hut»tcdi, Vr 
SHkamCfuater Florot Heft 10, 19H0, p 151, Jlf{ 107 , Hustodt, Fr , HabenhorHt 'b 
hfVptngamcn Flora, Bd VII, IViJ 2, Lirf l-l, 1931-32, p 200. fij; 091 A, e 

Valves lanceolate, broad nearly to the end where it suddenly constricts 
to form capitate ends 

Dimensions — 

Length . 130-240 ft 

Breadth 5-7 ft 

Stria: 10-12 in 10 ft 

tiabilal — l’Tfiih water stream, Vaiyampatti, near Tndunopoly, leg, 
M O P Iyengar Fond inside Botanical Gardens, Ootacamnnd, leg , 
T Kkambaram Fresh water stream, Glen Morgan, Pykara, leg , T Kkam- 
barani Fresh water pond, Presidency College Garden, Madras {') 

The central area vanes widely The strue are completely absent in the 
central area or only one stnation projecting in the central area or the strue 
shorter on one side and absent on the other 

19 Synedra vim (Nitzsch) Ehr , vor conslncta var uov 

(Pig 36) 

Valves linear lanceolate, strongly constricted in the middle, the segments 
gradually tapering towards the ends Ends rounded Pseudoraphe 
narrou, linear Central area broad, striee absent Stnations distinct 

Dimensions — 

Length . . 84-96 fi 

Breadth in the middle . 3-3 5 fi 

Breadth at the broadest portion 
of the segment .. 4-5 ft 

Stne 10-12 in 10 ft 

Habitat — Fresh water Red Hills Lake, Madras, leg , S V Ganapati. 

This form was found along with Synedra ulna (Nitssch) Ehr and 
Cymbella Hustedtu Xrasske 

111 S ulna vat mpressa Hust (Hustedt, Fr , Rabmhorst’s Krypto- 
Samen-Flora, Bd VII. Teil 2, Lief 1-4, 1981-82, p 199. 6g. 691, A i) sidis 
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lire slightly concave and the ends wedge-shaped and the form also seems to 
be smaller whereas the present form has a deep constriction in the middle 
with the segments having tapering sides and the form is also larger 


(>enus Asienonella Hassal, 1855 
*20 Astenonella japotnea Cleve 
(Fig 34) 

Oian. H H, Nordiarhea PLankinn BoUiniao^ Trit, UA VIII, 1908, p \1X11S, 
11(1 IBO , Lpboui Mane, V , PUtnUunie Dtatoma of Northern Sean, 1030, p 106, fle I >6 ; 
linstedt, Fr , Babenhorst’H Kryplogamen-Mora, Hd VII. Teil 2, T,iet 1-4, 1031-32, 
p 264, 5? 734 

Frustitles forming spiral colonies, linear, narrow with parallel side s and 
broadened at the base Chroniatophores plate-likc, two in the broadened 
base 

Dimensions — 

lyength 74-100;* 

Breadth at the base . 8-12 /* 

Habitat —Marine River mouth Cooum, Madias (1) The line delicate 
transverse stnse recorded by other workers could not be oberved in m> 
material even with a very high magnification 


11 Suborder RAPHiDioiDiNcae 
(J) h amity Ewnotiaci,.® 

(a) Subfamily Ennotioidea: 

Genus Eunotia Ehrenbeig, C G , 18.17 
21 Eunotia pectmalis (Dillw ? Kutz ) 

Rabeuhorst var gibbulosus var nov 
(Fig 22) 

Valves linear Dorsal side slightly tumid in the middle Ventral side 
slightly concave and gibbous in the middle Near the end slightly coii- 
stneted on the dorsal side but not capitate Ends rounded Stnations 
coarse and clear 


Dimensions — 

Length 

Breadth 

Stno! 

Habitat —Fresh water 
Iyengar , 

BS 


42-120 /a 

• , 5—8 /* 

. 7-11 in 10 /* 

Pools near Elliot beach, Madras, leg , M O P 


r 
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This form was found as a brownish scum inside the water on the dissected 
leaves of Ltmnophtla graleolotdes They are umted to each other by thin 
valves to form long bauds 

This form is in all respects identical with the figure given by Hustedt 
in Fascher’s Siisswasier-Flora. Heft, 10, 1930, p 182, hg 241 In his later 
work (Rabenhorst’s Kryptogamen-Flora, Bd VII, Tell 2, Lief 1-4, 1931-32, 
1 ) 297), he gives two entirely different figures (figs 763, b and c) for the 
variety ventrahi, (Khr ) Hust and hts fig 241 of the earlier work docs not 
find a place in his later work The present alga, in possessing a dorsal 
swelling in the middle, does not agree with the figure of E ventneosa Bhr 
var ? dongata Grunow (Rabenhorst's Be%tr Kenttin , Alg 2, 1865, p 4, Tafel 
1, fig 4) which Hustedt considers as a synonym of Eunotta peettnahs var 
vmtralts 

This appears in a way somewhat distantly similar to var undulata In 
a way this could be considered as var undulata with only a single undulatiou 
in the middle of the dorsal region It forms a sort of a transition between 
var ventrahs and var undulata Moreover, this form does not show any 
constriction on either side of the middle swelling on the ventral side of the 
valve nor the club-shaped halves &•» desenbed and figured by Hustedt 
(Rabenhorst’s Kryptogamen-Flora, Bd VII, Teil, 2, p 297, fig 763 b and c) 

22 Eunotta monodon £br 
(Fig 40) 

Hmith, W , Uni Vol 1, 1KR8, p Iff, pi II, fi(r Iff • Schdntoldt, pMchor’s 
SUtawaawr- Flora, Ueft 10, 1913, p 46, flg. 73 , Bojrer, Syn N Am Dtat , 1027, p 221 ; 
Hustedt, Vt , Paacher'e SOutmater-Flora, Hett 10, 1030. p 185, flg 254 , Hustedt, Fr , 
Babenliorst’s Kryptogamen-Flora, Bd. VII, Teil 2, lief 1-4, 1081-82, p. 805, fig. 772 
a, b 

Valves arcuate with the dorsal side well bent and gradually narrowing 
towards the ends, ends rounded Stnations coarse, slightly narrower near 
the ends , 

Dmenstons — 

Length , . 26-70 /i 

Breadth . 7-11 p, 

Stnse , 8-10 in 10 /a 

Halntat — Fresh water Fools near BUiot beach, Madras, leg , M. O F 
Iyengar Presidency College Garden pond, Madras, leg , Miss John , Agn - 
Hort Gardens pond, Madras (I) Fresh water pond, Adyar, Madras (J) 

This seems to be a narrower form, the maximum breadth readied being 
equal to the minimum of the type 
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23 Eunoha pseudolunans sp nov 
63.61) 

Valves linear, slender, arcuate with parallel sides Ends rounded. 
End nodules small Raphe in the valvular plane with a line-like appendage 
beginmng from the end of the raphe and going backwards parallel to the 
apical axis Rajihe very small, comma-shaped Stna; fine and clear 

Dimensions — 

lyenglh 68-102 ft 

Breadth 3 5 4 p 

Stiia 14-15 in 10^ 

Habitat — Fresh water I’eriyar Bake, Travancore, leg , B Suiidararaj 
from the stomach contents of a fish 

This form at first sight looks like Eun lunarts (Ehr ) Grun , the dimen- 
sions agreeing very well with the type But on closer examination, with a 
higher magnification there is a linc-like apjiciidage bc'giiining from the end 
of the raphe and going backwards parallel to the ai'ical axis, which resembles 
that of Eun flexuosa (Breb ) Kfitz and Eun pseuAopedinalts Hast The 
present form has got neither a capitate end charactenstic of Eun ftexuosa 
nor the sudden tapering near the end, characteristic of Eun pseudopechnalts 
But for the presence of the line-like appendage at the end of the raphe whieh 
can be observed only under a very high magmfication, and the smooth nature 
of the ends of the valve without even the slightest depression just below the 
poles, tlus form resembles bun lunarts (Ehr ) Gruu in all other respc'cts 
Hustedt 111 Rabenhorst's Kryptogamen-Flora, Bd VII, Teil, *2, laef 1-4, 1*131- 
3'2, p 260, classifies Eunotia according to the presence or absence of the line* 
like appendage Only two forms have been recorded so far having this 
appendage, vtz , Eun ftexuosa and Eun pseudolunans The present form 
does not resemble either of these 

III Suborder MoNORAPHUiiNb^ 

(1) Family AchnanthaCb^ 

(a) Subfamily Cocconeoidete 
Genus Cocconets Ehrenberg, 1838 
21 Cocconets placentula Ehr var euglypta (Ehr ) Clevc 
(Figs f4, 65, 66) 

Oleve, K S%, Vet.-Ahad ttantU • part 2, Bd 27, No 3. 1895, p 170 , Hiut«d(, 
Fr., Paaoher'a SOaawmer-florat Heft 10, 1930, p 190, fla. 201 $ Hustedt, Fr , Baben- 
hont’i JUrypiofanun-Finra, Bd, VII, Teil 2, Lief 1-4, 1931-32, p 349, fig 802 e. 
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Valves broadly elhptiLul, the two valves being similar in outline but 
dissimilar in punctation Hypotheca with a raphe and a distinct central 
nodule Punctie fine, m radial rows The margin of the valve separated 
from the central part by d hyaline narrow portion Epitheca with the 
pseudoraphe with longitudinal hyaline wavy lines as a result of the transverse 
stnations being composed of short thick lines 
Dimensions — 

I^ength 14 - 28/4 

Breadth 9-16 fi 

StriJE on the cpitheca 18-19 m 10 p. 

Habitat and slightly brackish waters Common Fresh water 
stream, Vaiyampfitti, near Tnchnic^ol>, leg, Af O P Iyengar Stream, 
Kodaikanal, Puliuys, as scum near the water edge along with other diatoms, 
leg , K S Snuivasan Fresh water ponds and pools, Madras (!) as epiphyte 
on Cladophora and RhizoUontttm 

The forms are variable in outline from more or less rounded to fairly 
elongated 

(ft) Subfamily Achnanthoidese 
Genus Achnanihes Bory, 1822 
25 Achnanthes Haucktana Onui 
(Figs 60, 51, 56) 

OoToni, Sylh Afg . Vol IT, part I, 1891* p 481 , Bo^cr, St/n N Am DuU , 1027, 
p 237, HuBtodt, Fi Pasclipr’s ITefl 10, lOSO, p 202, Off 290, 

Hiifltedt. Pr , Kabenlioi-nt’s hn/pUn/amen Plora^ Bd VJT, Toil 2, Ja«f 1 1, 1031-32, 
p. S88, % 834 

Pios 44-45 . — Masioglota exu^ua Low! a f brpvtroftfrw f nov x 1600 

Pros 40-48 — Achnanthes roarriata Brrb var paraUella var nov 

Pig 40 — MoidioglotadoloBaHp nov x 1000 

Pigs 60-61 — Aehnanthea Hauckiana Grun x 1600 

Pig 52 — Aehnanthea tnflaia KUi? x 800. 

Pig 61. — Eunotta paeudolunarta sp nov ISnd poition showiufi the raphu and tho 
line like appcndai^e x 1 600 

Pig 64. — iehnanthea tnflaia KUtz The valve with the psoudoraphe x 800 
Pig 56 — Aehnanthea hmnpea Ag var intermedia (KUt* ) Oleve A terratologlcal 
form X 800 , 

Pio. 60 — Aehnanthea Haucktana Omn x 1000 
Pig. 67, — Maatoglota Ilrauni Onm Rhowinglocuh x 
Pigs. 68-59 — Aehnanthea hretnpea Ag. \ar tniermadta (Kdtz ) Olevo x 1 100 
Pig 60 — •4eftnan<fte* hravtpaa Ag \ar mtermedm (Khtz ) Clove A terratologlcal 
form. X 1100 

Pxo. 01 — EunoHa paeudolunana sp nnv. x BOO 
PZG. 02. — Madogl&iaBrauniOvxm x 1000 

PifO 03 — iehnanitheabrav%peaAa*yAe,^ntermedta{Kntz) Clevo Girdle view x MOO 
Pigs 04-00 . — Coeootunaplaeeniula (Khr ) var euglypta (Ehr ) Clove x MOO. 

Fig. 07.— in^Ofa Ktttz. Girdle view x 1100. 
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Valves elliptic lanceolate with slightly truncate ends Fseodoraphe 
linear lanceolate Raphe thin, thread-like, axial area narrow, central area 
somewhat broadened H}rpotheca with the raphe having clearly radial 
stria: , the striee on the epitheca only slightly radial 
Dimensions — 

Length 18-20 ft 

Breadth . 6-7 {i 

Stnee . 12-16 in 10 ft 

Habitat — Brackish water Plankton of nver Cooiim, Madras (I) 

This form was found here and there in the plankton of the nver Cooom 
It never occurred in abundance Boyer states that this occurs in the hot 
springs ns well as in brackish waters in Canada The specimens agree with 
the type qmte well 

Subgenus Achnanthidtum (Kutz) Heiberg, 1863 
26 Achnanthes coarctata Breb var paraUdla var nov 
(Pi XVII, Fig 1 , Figs 46, 47, 48) 

Valves linear elliptic with rounded ends and almost parallel middle 
portion Raphe straight and coarse m the nuddlc Axial area narrow but 
clear, central area transversely widened, rectangular Stnse slightly radial 
delicately punctate Pseudoraphe narrow, excentnc Frustules in girdle 
view slightly bent 
Dimensions — 

Length 44-76 ft 

Breadth . .. 8-Uft 

Stris 12-14 in 10 ft 

Habitat — Brackish water Cooum estuary, Madras (1), epiphytic on 
the filaments of Lyngbta 

This form has got some resemblance to A coarctata (Breb ) Grun var 
eUiptica Krasske (Hustedt, Fr , Rabenhorst’s Kryptogamen-Flora, Bd VII, 
Tell 2, Lief 1 -4, p 420, fig 872 d, e) But the present form has got more 
parallel sides and the form itself is narrow and many times longer than broad 
This IS by far a bigger form than tlie type whose length vanes only from 
28-40 ft whereas the present one has a length of 44-76 /t 

27 Achnanthes mfiata (KOtz ) Grun 
(Figs' 62, 54. 67) 

Do Tom, Syn Ala , Vol II, part 1, 18M, p. 475 j Boyer, Syn. N. Am. iNoi., 1827, 
p 288 ( Biiatedt, Fr , Paochar’s Bh—nxmer-Ftara, Heft 10, 1880, p. 208, 6g. 807, 
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Uustedi, Fr , Itabonlioidi’H Kn/ploi/amen Flora, Bd VII, Tcil 2, Lit*! 1-4, 1031-32, 
p 431, fig. 87T 

Friistules epiphytic Valves linear, bulged in the middle with broadly 
rounded poles The pseudoraphe is excentnc, strue raidal punctate, puncta 
coarse and clear 

Dimensions — 

Length . . . . 44-60 

Breadth 10-14 /i 

Strue .. . 10-12 in 10/* 

Habitat — Fresh water Agn -Hort Gardens pond, Madras (') 

This IS an epiphytic form found along with Ach brevtpes Ag var tnter- 
medta (Klitz ) Cleve on Cladophora and Pithophora It agrees well with the 
type 

28 Acknanthei brempes l^ardh var 
intermedia (Khtz ) Cleve 
(Figs 66. 68, 69, 60. 63) 

SchOofeldt, Poschei’s Sitaawasaer Flora, Heft 10, 1013, p 68 , Boyer, Sj/n N. Am 
Dial , 1027, p 232 , Hnatodt, Fr , PaachorV 8&aateaaaar-Plora, Heft 10, 1030, p 210, 
flg. 310 , Hustedt, Fr , Babenhorat’e Krypioftamen-Plora, Bd VII, Teil 2, Liof 1-4, 
1031-12, p 425, flgB 877 d, r 

Valves linear with rounded poles, constricted in the middle in the 
hyi>othecn and the constriction not seen in the epithcca Central area 
stauroid The pseudoraphe on the epitht«ca side, very near the margin 
Kows of punctee more radial towards the poles , punctse large and distinct 

Dimensions — 

Length 36-44 ft 

Breadth 8-12 ft 

Rows of punctse 9-10 in 10 ft 

Habitat — Fresh and brackish water Presidency College Garden pond, 
Madras (1). Agn -Hort Gardens ponds. Madras (I) Fresh water stream, 
Vaiyampatti, near Tnchinopoly, leg , M O P Iyengar River mouth, Cooum, 
Madras (I). Adyar estuary, Madras (*) 

This form is found as an einphyte on the filaments of HhtzocUmtum, 
Cladophora, Pithophora, Oedogonium, Lyngbia and OsciUatona in the fresh 
water ponds They are attached by thm valve faces often forming groups 
containing 2 to 4 individuals This form is often associated with other 
epiphytic diatoms such as Coeconeis pUuentula Bhr var euglypia (Ehr) 
Cleve and Gomphonema lanceolatum Ehr Kear the mouth of the nver 
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Coottm this form is found throughout the year m plenty as a brownish coating 
on rocks immersed in the water Many of the filaments of Ckatomoypha 
litorea Harv growing in this place were often fully covered with this diatom 
This was found as a strav epiphyte on some hnterotnorpha plants also in the 
same place 

Two teratologieal forms of this diatom were collected from thiSj|ilace 
which possess normal shape but the puncta; m some portions are irregu- 
larly disposed (Pigs 66, 60) 


IV Suborder Biraphidins/r 


(1) Family NAVicui,ACBiE 
{a) Subfamily Naviculoideee 
Genus Mastoglota Thwaites, 1866 
29 Mastoglota dolosa $p nov 
(Fig 49) 

Valves elliptic lanceolate, subrostrate Anal area narrow Central 
area big, rectangular, m conjunction with the two longitudinal byt^ne 
furrows form a H-shaped figure The furrows on either side of the raphe 
converge and seem to meet at the top Stnations slightly radial and very 
finely punctate lyocuh of equal size, ending at a distance from the ends 

Dmenstons — 


Length 

Breadth 

Stnee 

Breadth of the loculi 
No of loculi 


44-62 /t 
14-20 fi 
24-26 m 10 /t 

2 ft 

4}-6 in 10 n 


Habitat — Brackish water Adyar estuary, Madras (I) Occurs on the 
moist soil as a brownish film along with Mastoglota Braunt Grun 


This form at first sight looks like Mast Smtikt Thwaites which it resem- 
bles m Its elliptic lanceolate shape, the rostrate ends and the equal size of its 
loculi But it differs from it in having two longitudinal hyaline furrows 
which together with the central area forms defimte R-sbaped figure This 
H-shaped figure ownng to the extremely debcate structure of the strue, is not 
seen at first but can be seen very clearly under higber m^^fications In 
having this H-shaped figure it resembles Mast ptmtla (Onin ) Cleve (Rustedt, 
Rabenhorst’s Kryptogamm^Flora, Bd VII, Tcil, 2, p 6B8, fig 988) but the 
loculi of Mast pumtla are of different sizes, the nuddle 1 or 2 bang bagger and 
the rest smaller, where os m the Madras diatom the loculi are more or leas 
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equal m size Again the two longitudinal hyaline furrows in M pumtla are 
quite parallel throughout their length whereas in the Madras diatom the 
two furrows on either side of the raphe converge and apjiear to meet towards 
the ends In this latter rispeet it resembles Maft extlts Hust (op ett , 
p 653, fig 986) wheic the two furreiws coiiveige towards each other at the 
end, but Ma^t extlts is a much smaller diatom (15-20 /e) long and the locuh 
much smaller in number and confined only to the middle portion of the valve 
The present form may therefore be considered as a new species which can be 
placed between Mast pumtla and Mast extlts 


SO Mastoglota Braimt Orun 


(Figs 57,62) 

Clcvr, A' S» VH Akatl //(OmO , part 2, Bi1 27, No 1.1807, p li78 , Van Heiirek, 
Traitf' ties ISO, pi 2, Rf; 5n,Hkvort«>M tour Bot , Vol (lit, 1027, 

p KM, Dga, ,1, 1, (i , Hustodt Kr , Pa.schor’H SiiMtroMei-A'Iorn Uefl 10, 1010 p 218, 
llg 320 , Uiistodt, Fi , KahonhoPst’N Krjffitoqamen- Flora, Bd VII, Tell 2 1— 1, 

1011-.12, p .761, flft 982 

Valves elliptic lanceolate Axial area narrow Central area big, 
rectangular The two narrow' longitudinal horns together with the central 
area form a H-shaped figure Striations transverse in the middle, radial 
towards the ends, punctate, punette fine but distinct lyocuh bigger in the 
middle, smaller at tlu' ends 

Dtmenstons — 


I,ehgth 

Breadth 

lyOCUll 

Stnie 

Breadth of the loculi in the 
middle 

Breadth of the loculi luar the poles 


56-76/4. 

16- 18 5 /i 
4-6 111 1 0 /a 
18-20 in 10 ft 

about 2 5/4 
about 15/4 


— Brackish water Adyar estuary, Madras (') Oc'curs as a 
brown film on the moist soil along with Mastoglota dolosa sp nov 


The puiicta: were fine but distinctly se«n under high magmfication 
conforming with the figures given by Van Heurck'nnd Skvortzow Hustedt’s 
form seems to have bigger punctee 


31 Mastoglota extgua J<ew]s forma brevtrostns f nov 
(Figs 44, 46) 

Valves elliptic Raphe straight Axial area narrow Central area 
square i^tnations radial I<oculi mostly 5 in number, bigger m the middle 
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and smaller at the ends, bending suddenly inwards and out again before 
joining with each other at the end of the poles 


Dimensions — 

I<ength 30-33 fi 

Breadth . . 9-9 • 6 /t 

Strise . . 21-28 in 10 /a 

Breadth of the bigger loculi . 2 2-2 0 /* 

Breadth of the smaller loculi . . 1 2 ft 


Habitat — Brackish water Adyar estuary, Madras (') Found as a 
greenish film on the mud inside water along with other diatoms 

This form agrees in all respects to Masti^loia extgua jbewis (Hustedt, 
Fr, Rabenhorst’s Kryptogamen-Flora, Bd VII, Teil 2, Leif 1-4, 1931-32, 
p 069, fig 1003) excepting for the characteristic end portion of the longi- 
tudinal septa The two longitudinal septa before joining together near the 
ends of the poles bend suddenly inwards and out again, the outline formed 
by the two septa appearing very much constricted near the poles and then 
becoming rounded at the ends This feature was seen in all the specimens 
observed Therefore this form may be considered as a new form of Masto- 
gloia exigua Lewis 

Oenus Gyrostgma Hassal, 1846 
32 Gyrostgma haltictm (£hr ) Rabh 
(Figs 71,72) 

Clove, JT Sv iRTandl , part 1, Bd. 26, No. 2, 1804, p 118, Boyer, fifpn. 

N Am Btot., 1027, p 456 , Uuntedt, Fr , Paeeher’e 5iiMi»M«er-R(ora, Heft 10, 1030, 
p 224, fig 331 

Valves broad, linear, slightly sigmoid Raphe eccentnc and sigmoid 
Central area small, oblique Transverse and longitudinal stnations equally 
distant 

Dimensions — 

Length . . 269-300 n 

Breadth . . . 26-32 ft 

I,ongitudmal and transverse stnee . 11-13 in 10 ft 

Habitat — Brackish water River mouth Cooum, Madras (') 

This form agrees well with the figure and description given by Hustedt 
33 Gyrostgma disiortum (W Smith) Oeve 
vat Parhen Haxnson 
(Fig 69) 

Clnvo, K> 8v. Vet • 4lad Handl , part 1, Bd. 20, No. 2, 16M, p. U 6 1 Bnatodt, 
Pr., pMOher’a 89ttm$»er-Flera, Heft 10, 1030, p. 224, 6g. 886. 
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Valves lanceolate, slightly sigmoid, \nth obtuse protracted ends curved 
in opposite directions Raphe central, sigmoid 'IVansverse stnse more 
distant than longitudinal 

Dimensions — 


I/ength 
Breadth 
Long Striee 
Trans Stria; 


9m6/* 

19 - 21(1 
23 m 10 ja 

20- 21 in 10 fi 


Habitat — Slightly brackish water Plankton of the upper portion of 
the river Cooum, Madras (>) Only stray specimens were found here and 
there 


This form agrees with the type qmte well 

‘H Gyrostgma scalprotdes (Rabh ) Clevc 
var extmia (Thwaites) Clcve 
(Fig 76) 

Oleve, R Sv Vel-Akad Handl , port 1 , Bd 20, No 2, IROt, p lift, Ilimtedt, 
Pr,, Paschor’s SUanoaaeer- Flora, Heft JO, loao, p 220, flg OSO 

Valves linear with parallel sides and obliquely rounded ends Raphe 
straight, nearly central, slightly sigmoid at the ends Transverse striic 
finely punctate Longitudinal stnse very faint 

Dmenstons — 

7,ength 50-66 p 

Breadth 9 10 (i 

Trans Stnse 24 in 10 ft, 

Habitat — Brackish water Adyar estuary, Madras (!) 

This form agrees with the descnption of Cleve and Rustedt The 
longitudinal stnoe were very faint and were obseivcd only with difficulty 
under a very high maginficatioii 


Genus Pleurosigma W Smith, 1862 
36 Pleurosigma angvlatum (Quekett) W Smith 
(Figs 68, 73) 

Rmitli, \V„ 8yn. Orti D%at„ Vol I, 10S3. p. OS, pi XXJ, flg. 205 ; Clave, K, Sv 
VH.’Akai, Handl , part ] , Bd 20, No 2, 1894, p 40 , Hnstedt, Fr , Pusher’s SHvv^ 
tvantr-Flora, Heft 10, 1030, p 228, flg. 342. 

Valves slightly sigmoid with acute ends Raphe central, sigmoid 
Central area small, rhombic Oblique stnse at an angle of 60” equidistant 
the transverse stnte 
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Dmetmons — 

Length 

Breadth 

Oblique and transverse stna: 

Habitat — Brackish water Adyar estuary, 
river Coouni, Madras (I) 

This form agrees with the ty^ic quite well 


151-160 /j. 

29- 32 /* 

20 111 10/1 

Madras (*) Mouth of the 


36 Pleurosigma saltnarum Grun 


(Figs 78, 79) 

JU'Tom, Sffll AUf , Vol IJ, part 1. p 1801, p 247, Clcvo. K Sv t'ei-AKad 
Handl,, part 1, Bd 20, No 2, 1004, p 20, Uttstadt, Vr , Panrher’s Swawaner-FUtra 
Bcft 10, 1030, p 228 , iig 341 

Valves linear lanceolate slightly sigmoid with rounded ends Raphe 
central less sigmoid Central nodule elongated 

Dimensions ~ 


r,eiigth 
Breadth 
Trans striae 
Oblique stna. 
Habitat — Brackish water 
estuary, Madras (') 


126- 140 p 
17-20/* 

2.1 in 10/* 

25-27 in 10/* 

River mouth, Cooum, Madras (') Adyar 


Fia 6H — (Quekott) W Hnuih A 700 

Fia 09 — (W Smith) riovt var Farmer t llamtion x flO(> 

Via 70 — AnoMaeotu*t 0 e/thtBropAora (Ktttas ) Pfttzer vat sculpla (Ehr ) Mail f mdica t 
nov Showing the two kfneb of punctie x 1000 
Fro 71,— (lyroHtgnut balitrum tEhi ) llahh Hbowm^ tho lanKitudinal and trauMVHHC 
HfcijttJ y 1100 

Fia 72 — OyrosiHfnti halitcum tEhr ) llabh x J50 

Fzo. 70 — PUuroBignm anffulatum (Quekkott) W Smitii Showing; thu uml the 
rhombic central area x 1(500 
Fzo 74 — D%plonm9 9uhovalt» CWvi* x 1600 , 

Fia 75, — Anom€eone%9 Bphopropfiorn {KOtz ) x iUOO 

Fxo 76 — Ounmffuna acalproulea (Kabh ) Clrve var ejfunia (Thwaitt^e) Plcvi* x 800 
Pia, 77, — SohM»«mnia»« (Orun ) Clcvo var fttronrirtrfa Orun x 1100 
Fig 78 — PfaurMiK^mo »fthrtar«m (liun x 700 

Fio, 70 — Pleuro9iffma aaltnarum (Irun Showing the atna* x 1100 
Fio 80 — X Jiowutfonewf «i)kf<iro7>hora (KilU ) PtUzor vai uruOda <K1ir ) MOlI f twitra f 
nov X 1100 

Fio. 81, — j^tauronew anc«|M £br. x 1500 
Fig, 82 — IMjifonafa inf erruyta x 1600 
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Thu> form occurs in plenty on moist soil near the water edge at the mouth 
of the river Cooum Sometimes it is found in the plankton also as stray 
spemmens 

Genus Colonel!, Cleve, 1894 
S7 Calonets Schumanmana (Grun ) Cleve 
var biconstncta Grun 
(Fig 77) 

JlimtiuKt Kr Pane hpr’n licit 10, 1010, p 210, flg .170 

Frustules constricted near the poles and the middle iiortioii swollen as 
broad as the polar regions Ends more or less wedge-shaped, rounded 
Axial area narrow, lanceolate Central area big, elhptic with a lunate 
marking on each side of the central nodule Striatious shghtly radial 

Dimensions — 

bength 37- 43 

Breadth 

Striae 1 7 in 10 ft 

HabUat — ^l^'resh water As plankton in an irrigation tank at Vaudalur 
Madras, leg , IC G Veeraraghavan 

In the specimens observed the middle portion was as broad as the polar 
swellings In no case was the middle portion broader than the polar 
portions The form agrees with the type 


Genus Dtplonets Khrenberg, 1840 
38 Diplonets snbovalts Cleve 
(FI XVH, Figs 3 & 4 . Fig 74) 

(love, K Sv Vet-Akad Handt , paiil, Ud 2(t. No 2. 1804, p 00, pi 1, hg 27, 
Iticli, F , Tran* /?oy Sor , S Africa, Vol XXIV, part 111, lOSA, p 211, pi X I 

Valves elliptical Central nodule large, rounded Furrows narrow, 
closely following the central nodule and its horns Costa: strong and far 
apart, alternating with double rows of alveoli 

Dimensions — 


Beiigth 

Breadth 

Costee 

Rows of alveoli 


30-40 ft 
22^24 ft 
6-10 in 10 ft 
18 in 10 ft 


Habitat —Fresh water pond, Pykara leg , T Ekambaram 
Coonoor Park, leg , T Bkambaram 


Stream, 
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The costae of this diatom are very characteristic They are seea clearly 
below the outer surface of the valve when examined at a slightly lower focus 
The costa; are very strong and prominent They have each a capitate end 
towards the raphe side This aspect of the costae has not been referred to by 
Cleve (1894, p 96) in his description of this diatom, nor was I able to find 
any reference to this structure in any of the available literature here 
Plate XVII, I'lg 3, is a photomicrograph of the diatom taken at a higher 
focus where the double rows of alveoli arc clearly seen But the costse with 
the capitate ends are seen only very hazily But PI XVII, Fig 4, is a 
photomicrograph of the diatom taken at a slightly lower focus Here the 
costa; have come out very will and each of Hit cost.i is seen possessing a 
prominent capitate end towards raphe sidt 

The specimens agree with the tyjie in all other risputs It was oul> a 
rare form in the collections 

39 Dtplonets mlerrupta (Kutz ) Clive 
(Fig 82) 

Olovc, ir S> Vel-Akad , p»rt 1 , Bd 20, No 2, J«l*l, p 8» Jiover, Sun 

N,Am Ihat , 1027, p d48 , Oartor, N , Jour £ro{,Vol XX I, No I, lidd, p 175, dga 
7, 10 , Huatedt, Fr , Pasrher’a Siuaieanser-Fhra, Heft 10, 10*10, p 252, Bg 400 

Valves deeply constricted, the segments elliptical, rounded at the cuds 
Central nodule elongated, quadrate with parallel horns Furrows liiieai, 
narrow Costiie strong, usually interrupted in the middle of the valvt 
Dtmenitons — 

Length 44-bO/i 

Breadth in the middle lo 14 5 /i 

Breadth at the segments 1 5- 17 /t 

Costse 10-12 in 10 fi 

Habitat — Brackish water Ad>ar estuary, Madras (i) 

When examined carefully under very high magmfication, the furrow 
region shows a large number of broad transverse ridges These transverse 
ri^es are absent in Hustedt’s figure but are shown v'ery well m Carter’s 
figure In the figure given by Hustedt, a row of big puncta: is seen in the 
furrow region I was unable to see any such puuctse in my specimens 

Genus hlauronets Khrenberg, 1843 
40 Stauronets anceps Khr 
(Fig 81) 

Smith, W., Sjm BrU Uml , Vul. 1, I85d p 00, pi XIX. fig. 100 , Oleve. K Hv 
Va.’Ahad Handl , port 1 , Bd 20, No 2, 1804. p 147 , VanHeuKk, Tratte' dtaDudo- 
mitt, 1890, p, 160, pi 1, fig. 66 ; BchOnteldt, rancher’s UUtawMter-Flora, Heft 10, 1012, 
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|>. 114, fig 44tt , Buyur, /^yn IV Am, J)tat , 1027, p 422 ; Petenwn, 3 fi.. Bat. of 
Iceland, Vol II part 2, 1028, p. 280 : Uustedt, Fr , PmcIipi'h SOeneaeaer-Blora, Heft 
10. 1030, p 256, He 40,5 

Valves linear lanceolate with i>roduced subcapitate ends Stauros 
reaching the margin Axial area narrow Stnee radial, distinctly but fiuel> 
punctate 

Dimensions — 

I,eugth 44-62 n 

Breadth 12-14 /t 

Stnse 20- 22 lu 10 /t 

Habitat — l^resh water Pools near Klloit beach, Madras, leg , M O P 
Iyengar (I) Stream, Masingudi, Ootacamund, Kilgins, leg , T Kkambarani 

This agrees very well with the type in all resi>ects 

Genus Anomceonets Pfitaer, 187L 
44 A nomoeonets spheerophora (KUtz ) Pfitzer 
(Pig 76) 

Hchunfeldt, Piwiohor'ti SHuwtaeer Flora, Uett 10, lOlt, p 07, ilg 174 , Buyer, Byn 
N. Am that,, 1027, p 324 , Hustedt, Pi , PaiMher’u SUeewaeeer- Flora, Heft 10, lOJO, 
p 202, fig 422 

Valves elliptic lanceolate with rostrate, capitate ends Axial area broad, 
linear Central area big, asymmetrical Striations radial, punctate. puuUa 
interrupted by longitudinal, wavy, blank lines 

Dimensions — 

Length 44-5B p 

Breadth 16 - 20/1 

Stnte 16-17 in 10 /a 

Habitat — P'resh water stream, Vuiyampatti, near Tnchinopoly, leg , 
MOP Iyengar, Pools near Elliot beach, Madras, leg , M O P Iyengar (•) 
Slightly brackish water, upper portion of the river Cooimt, Madras (') 

This form agrees with the tyjie 

42 Anomceonets spheerophora (iCutz ) Pfitzer 
var sculpta (Ehr ) MfiUer forma tnitca f nov 
(Figs 80, 70) 

Valves elhiitic lanceolate with only slightly produced but not capitate 
ends. Axial area broad Central area big Stnte radial, punctate, puncise 
interrupted There are two sets of stnations on the same valve surface. 
One set is composed of bigger punctse with an asymmetrical central area and 
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the other set is composed of finer punctee which fill up the whole valve 
surface leaving only a small central area 

Dvmensxons — 

Ivength 62- 76 n 

Breadth 21-26/1 

Stria; 11 16 in lO/i 

Habitat — I'resh water pond, Adj’ar, Madras {•) 

This form agrees with A spharophora var sculpta in all respects, but the 
central area is asymmetric, and on one side the axial area is completely free 
from the puncta; But vvlien carefully examined under a very high mtigni- 
ficatioii most of the spaces which appeal to be empty show numerous very 
line punctse These fine pitncte are, however, absent in the axial area 


Genus Navtcula Bory, 1822 
Section Navtcula ortho\ttcha Cleve 
43 Navtcula cusptdata Khtz var cmspuua var nov 
(l-'lgs 83, 88) 


Valves rhombic to elliptic lanceolate witli rounded and slightly constrict- 
ed ends Axial area narrow, central area slightly broadened The raphe bent 
like hooks in the central area Transverse stnatioiis parallel, slightly 
convergent near the poles Longitudinal striations coarse, clear and jiromi- 
nent closer towards the margins and wider towards the middle fieM Some- 
times the longitudinal striations arc broken in the middle portion near the 
central area The cratic'ular plates charactenstic of Navtcula cusptdata 
Kfitz are also present 


Dimensions — 

Lengtli 
Breadth 
Trans Strnc 
Long Stnse 


120 144 
28-36 /* 

12-16 in 10 /A 
8-14 in 10 /i 


Habitat — Fresh water, Masingudi brook, Ootacamund, Nilgirts, leg , 
T Bkambaram Fresh water pond inside Milsetim compound, Madras, 
leg « M T. Phi)ipose 

This form differs from Navietda cusptdata Khtz in having the longi- 
tudinal stiin closer towards the margins than towards the middle hne These 
longitudinal stnae appear to be very strong They are only 8-14 in 10 /t 
whereas in the type the lougitudmal striations are closer (26 in 10 /a) than the 
transverse striations Besides this, the present form has slight constriction 
BS r 
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near the poles On these grounds, this form has been created as a uewr variety 
of Navtcula cusp%data KUtr 

44 Navtcula cusptdala Kotz var ambtgua (Hhr ) Cleve 

(Fig »4) 

Olevi., A Sv VeU-Akad lltDidl , part 1, Bd 20, No 2, 1894, p 110 ; Boyer, Syn 
N Am Dtai , 1927, p 330 ; llusiedt, Fr , PaMCherV Heft U), 19d0, 

p 208, fig 4S4 

Valves elliptic lanceolate with produced rostrate ends Axial area 
narrow Central area slightly widened in the middle The transverse 
stn£C are slightly radial The longitudinal stria; are equally placed 

Dimensions — 

l^engtli 05-77 fi 

Breadth 1 8 5-20 fi 

Trans Strne , Long Stna^ 17 19 in 10^ 

Habitat — Fresh water stream, Vaiyampatti. near Tnchmopoly, leg, 
MOP Iyengar 

The produced ends of this form are not so much jironouiiced as given by 
Hustedt in Pascher’s Susswasser-hlora, Heft 10, lOdO, p 268, fig 434 

45 Navicida hcUophtla (Gruu ) Clevt 
f subcapiiata Ostruj) 

(Fig 91) 

Kolbe, H VV , PiamenfoT9chuiigi Hoft 7, 1927, p 08, Tnfel I, 0 ; llustudt, , 
PaBrheiV fi'iiswooaaer-F/orcf, Heft 10, 1930 p 209 


Fio 83 — Navuiuia cuapkdaia KUt^ var cxMHSp^vim vai nov x 700 
Fia 84 — jVavicttfa gramhM Elir x 1000 

Fia 85 — Naviovla peregrma (Ehr ) KUtz var Ke/vtugenttiB (Kbr ) Clove x 80U 
Pia. 86 — Xavteula lacuatriB Greg var. tmjor var. nov x 1100 
Fra. 87 — Nameuia digUotadiaia (Greg ) A. Hobmidt X 1100 

Flo 88.-^J^avieuZa cuap^Bata KUtz var inajor var nov. Hhowing tlic promlaout 
longitudinal 0 tri« and the punctate transvenie stnie x 1000. 

Flo. 89 —"JVaincuZo c^ticia (Ehr ) Khtz var. Heujleri Grpu x 1100 
Flo 90. — NamcuiaroMlaiaKiitz* x 1000. 

Fio 01. — l^avloula Aolophtla (Grun.) Olevo f au5capda<a Ozirup x 1500 
Flo. 92 — A'ovicuta totfmefrofa Hu«t x ItOO 
Flo. 93 — NavUntla proiracia Oran, x 1100. 

Fio. 94. — Navieuta cu$p%daia Kiltz var. omhigtia (Ehr ) Cleve x 1000 
Flo 05 — J^avicula raltnorum Grun. x 1100. 

Fio 90. — ^A^avicula tyro Ehr x 1000. 

¥to 97. — ^atneiila ptgmaa KOtz X 1000 « 

Fro 98. — ^i^ovicuhi havta Pant x 800. 
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Valves lanceolate with slightly produced and capitate ends Axial area 
narrow, linear, central area slightly widened in the middle Stnations 
parallel and slightly convergent at the ends 

Dimensions — 

l<ength • 32-36 

Breadth 8-9 /* 

Striae 14-16 in 10 n 

HabtUU — Brackish water Kiver Coouni, Madras (I) 

This form was collected from the littoral region in the upper portion of 
the river Cooum, occurring in plenty as pure forms without any other diatoms 
This occurs m the plankton also sometimes Kolbe {fip cif , p 68) has 
collected these forms as pure individuals Mesohalobic form 

This form slightly differs from the figure given by Kolbe in its having 
a somewhat rounded central portion and a less pronounced capitate end 

Section Navtcttlee deaptentes Cleve 
40 Nevtctda protracta Grun 
(Fig 93) 

Clevo, K. 8v. Vet -Ahad Uandl , part 1, Bd 20, No. 2. 1804, p 14U . Uurtcdt, 
Fr., Paacher’a SUeewaeeer’Flora, Hett 10, 1880, p. 284, flff 472 

Valves linear with rostrate, truncate ends Axial area very narrow 
Central area small, slightly widened Stnation slightly radial and at the ends 


liarallel, in the middle somewhat coarse 


Dimensions — 


I«engtli 

. 20-26 n 

Breadth 

7 5-8 6;* 

StruB 

18-19 in 10 m 

Habitat — Brackish water Stray m 

the plankton of nver Cooum. 


Madras (I) 

This form agrees with the type quite well 

Section Navtcula Imeolatee Cleve 
47 Naxncula salinanm Gruu 
(Fi« 96) 

Cbvn, K 8v Vet,’AMl, UanM , part 2, Bd 27, Ko. 3, 1808, p. 10 ; Van RetiMk, 
Trade' dee Vtatomdee, 1800, p. 178, pi. 8, fig. 108 { Boyer, 8pn. 7f. Am. Ditd., 1027, 
p 388 , SvHtedt, Fr , Paacher'a BHaewmer-FIfura, Hetfc 10, 1030, p. 206, fig. 408 
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Valves elliptic lanceolate with produced subcapitate ends Axial area 
narrow , central area big, rounded Stnse strongly radiate, in the middle 
longer and shorter, and in the end transverse 

Dimensions — 

I<ength . . . . 3&~41 /t 

Breadth . 10-12 n 

Stn® . 13-14 in 10 /t 

Habitat — Brackish water Plankton of the nver Cooum, Madras (1) 

This form never occurred in plenty but only as stray mdmduals The 
specimens agree best with the figure given by Van Heurck in the nature of 
the slightly capitate ends 

48 Namcula rostdlata Kflt? 

(Fig 90) 

KUtsinft, Spenes Ahjarum, 1840, p 75, Itabenbornt, Flora Europaia Alg , 1, 
1804, p 200 , Hustodt, Fr , Paschei’s 8il»ihtia»aer-Flora,'B.ott 10, 1930, p 207, fig. 602. 

Valves narrow, elliptic lanceolate with short, thin, narrowly i>ro<|uced, 
rostrate ends Axial area narrow, central area big, rounded Stnations 
delicate radial, and at the ends convergent 

Dimensions — 

Length . 38-46 /* 

Breadth . . 9-10 n 

Stnte . 10-11 in 10 p 

Habitat — Brackish water River Cooum, Madras (!) 

This form was often met with in the plankton of the river Cooum 
Though it did not occur m plenty, it was found fairly in good number It 
agrees well with the type The striations are extremely fine and were 
observed only with much difiSculty 

49 Navtetda emeta (£hr ) Kutz 
var Heufien Grun 
(Fig 89) 

Olew, R Bv,Vei-Akad Handl , pan 2, Bd. 27, No S, 1806, p 10; VanHenrok, 
Tratle’ des Zhatomtee, 1899, p 178, pi *1, fig 106 1 SobOnloldt, Paocher’s BfitnMMMr. 
Flora, Heft 10, 1913, p, 92 ; Hustodt, Fr , Paacher’a Stimoa$ier~ Flora, Heft 10, 1030, 
p. 298, fig. 611, 

Valves linear lanceolate with obtuse ends. Axial area narrow Central 
area small, broadened Stnations radial in the middle and at the end conver- 
gent, coarse and distinct The strife are wider iqpext than in the qpedes 
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Dimensions — 

lyength 

Breadth 

Stna? 

Habitat — Brackish water 


26'*32 /i 
5-6 pL 
10 in 10 fx 

River Coouni, Madras (^) 


This form was found in the littoral region, on moist soil 
agrees with the type m all respects 

60 


This form 


Navicula gracilis Ehr 
(Eig 84) 

Clove, K Sv Vet -Akad Handl , part 2, Bd 27, No 3, 1805, p 17 , SchOnfeldt, 
Poacher's Sii»9V)a»aer-Florat Heft 10, 1913, p 90, fig 182 , Boynr, 8pn N Am Diai , 
1027, p 385 : Huotedt, Fr , pAscher's SOaeucaHBer- Florae Heft 10, 1030, p 209, fig 514 

Valves linear, the middle portion with parallel margins and with obtuse 
ends Axial area narrow , central area rectangular Stnations transverse 
in the middle and slightly radial at the ends 

Dimensions , — 

* I^engtli 36-42 n 

Breadth 0-7 5 ft 

Stnae . . . U-I2ml0fi 

Habitat — Slightly brackish water River Cooum, Madras (•) 

This form occurs in the littoral region Not a common form 

61 Navicula peregrtm (Bhr) KOtz 
var Kefmngensis (Ehr ) Cleve 
(Fig 86) 

Clove, K 8v. Ye(.‘Akmi , Handl , part 2, Bd. 27, No 8, 1893, p 18 , Hostedt, Fr , 
PMChor’s SUMUHUter-Hom, Heft 10, 1980, p 300 

Valves lanceolate with obtuse ends Axial area distinct, narrow, central 
area broadened, elliptical Stnatioiis coarse, radial and at the ends conver- 
gent 

Dimensions — 

I^ength . . 40-80/* 

Breadth . 12-16/* 

Stn« .. 7-8 in 10/* 

Habitat —Brackish water River mouth, Cooum. Madras (!) 

The ends are clearly rounded and not slightly truncated as given in the 
description by Hustedt This form occurred as pure individuals forming a 
thin yellow fihn over the moist soil near the river mouth, Cooum. 
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62. Namcula dtgtioradtata (Greg) A Schmidt 
(Fig 87) 

Huntedt, Fr , Paflcher’a SUaawasser- Flora, Heft 10, 1930, p 801, fig 518. 

Valves lanceolate with obtuse endi> Axial area narrow, centra] area 
transversely widened and irregular Stnations radial, in the middle alter- 
nately shorter and longer and at the end parallel 

Dimensions — 

Length 61-60 fi 

Breadth 13-16 fi 

Stna* ft-9 in 10 n 

Habitat — Brackish water River mouth, Cooum, Madras (') 

This form was collected once from the littoral region among other 
diatoms The specimens show not much alternating shorter and longer 
stnations in the middle region It agrees with the type in all other respects 

6.3 Navtcula UUerostrtUa Hust 

(Fig 12) 

Jhifttodt, Fr , VttscIiPiV flu»inens8er~Florii, Hefl 10, 1930, p 301. Hr 621 

Valves elliiitie Lanceolate with broadly rounded and with more or less 
capitate ends Axial area \ery narrow Central area big, rounded 
Stnations delicate slightly radial and closer towards the ends 

Dimensions — 

Lengd>b 18-22 (i 

Breadth 6-9 /a 

Striae in the middle 15 m 10 ^ 

Striae towards the ends 21 -22 in 10 

Habitat — Brackish water Adyar estuary, Madras (') 

This form is slightlj smaller than the type desenbed by Hustedt The 
striatioiib are very delicate and were seen only with difficulty 

54 Navicula hasta Pantoesek 
(Fig 98) 

Cle\e, K 8v Vet -Akad Handl , p.irt 2, Bd 37, No 3, 1896, p 26 , Boyer, 8yn 
N Am Dial , 1927, p 899 , Hustedt, Fi , Pasohor’s Siteewamier-Flora, Heft 10, 1980. 
p 306, fig 641 

Valves lanceolate, gradually tapering from the middle to the subacute 
ends Axial area narrow, widened slightly in the middle Stnations 
strongly radial, middle few are coarse and slightly wide part 
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Dtmen<noHs — 

lyength 60-80 n 

Breadth 15 /t 

vStnse . . .. 9-10 in 10 /t 

Habitat — Brackish water River Cooilm, Madras (!) 

This form occurs on moist soil near the watei edge along with other 
littoral diatoms Forms that are shorter in length by 10 /* than the type 
have been met with 

Section Namcida pundatee Cleve 
55 Navtcula lacustm Greg var major var nov 
(Fig 86) 

Valves broadly elliptical with obtuse rounded ends Axial area narrow, 
linear, central area large, transversely widened, more or less rectangular 
vStriations radial, punctate puncta large and round 

Dimensions — 

lycngth 70-84 /i 

Breadth 26-60 ^ 

f’tna: 9-10 in 10 /a 

Habitat — Brackish water Adyar estuary, Madras, , S. Dorai* 

swami (!) 

This form difiers from the type (Gregory, Quart Jour Mtcr Set , Vol IV, 
1866, p 6, pi I, fig 23) in several respects The present form is a bigger 
one than the type which is only 35-60/* long and 16-20/* broad The 
type has a linear lanceolate shape and with subrostrate or acute ends 
(Hustedt, Ft, Pascher’s Sksstr-asscr-F/ow, Heft JO, 1930, p 310, fig 666, 
Cleve, K Sv Vet -Akad Handl , Part 2, Bd 27, No 3, J896, p 44) whereas 
the Madras form is bro<idl} elliptical with obtuse or n^rly rounded ends 
The central area is orbiciildr ui the type {cf Cleve and Hustedt) whereas in 
the present form it is transversely expanded and more or leas transvmdy 
elliptic Again in the type, the punctse limiting the axial area are tugger 
than the other punctse, but in the present form these are more or less of the 
same size as the other punctse 

Section Navtcula lyrata Cleve 
66 Navtada lyra Bhr 
(Fig 96) 

Cleve, X. 8v. Vet -Ahad Handl , part 2, Bd. 27, No. 8, 180S, p 68 j Van Heoedr. 
THAU' tet Diaiomfte, 1896, p 202, pi 4, % 161 / Boyer, Syn. If, Am. JHat., IW, 
pe 41lt 
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Valve elliptical with rounded ends lateral areas linear, narrow, 
constttcted in the middle and slightly divergent at the ends Strue 
punctate , puncta coarse and clear 

Dimensions — 

I«ength 62-dO n 

Breadth . . 37 ft 

Striae lO-llmlrtft 

Habitat — Brackish water Adyar estuary, Madras (') 

This form was found as a stray one in a collection of the brown film over 
the mud containing a number of other brackish water diatoms This agrees 
very well with the type 

67 Navicida pygmeea Kutz 
(Fig 97) 

KUtidna* Species Alnarum, 1840, p 77 , Clnvo, K Sv Vet-4knd Handl , part 2, 
Bd 27, No 3, 1805, p (»'> , Van lloiirrlt, Traiie' des Jiinbmies. 1800, p 203, pi 4, 
Off 164 , Boyer, Spn V Am Diai , 1027, p 116 ITnstedt, Kr , Paachnr’a SUssioasMir- 
Flora, Heft 10, 1080. p 312, Oa. 501 

Valves hyaline, elliptical with broadly rounded ends Axial area 
indistinct Lateral areas constricted in the middle and tonvergent at the 
ends Stnations very delicate 

Dimensions — 

I.<ength . . 23-27 p 

Breadth . lo-ll 

Stnee about 25 in 1.0 n 

Habitat — Brackish water Plankton of river Coouni, Madras (!) 

This IS d form that is often met with in the plankton of the nver Cooum 
The structure is very delicate so that a very lugh magnification is required 
for deciphering it It agrees with the type 

Genus Pinnulana Khrenberg, 1843 
Section ParaJMistnata 
'58 Pirmulana fasciata (Lagerstedt) Hust 
(Pig 107) 

Huitedt, Pr., Paacher's 8H$svmssfr-Floru, Heft 10, 1080, p 310, fla 560. 

Valves linear lanceolate with rounded ends Axial area narrow 
Lanceolate central area widened into a broad fascia readiing the margm 
Stnations parallel in the middle and shghtly radial towards the ends , deli- 
cate, 





A Systemaitc Account of Some South Indian Diatom^ 


335 


I^^ngth 16-21 M 

Breadth 4 5 7 /t 

Striae 23-25 in 10 ft 

Habitat — Fresh water jjtream, Vaiyampatti, near Tnchinopoly, leg, 
MOP Iyengar 

This differs from Hustedt’s species m having slightly radial stnations at 
the ends rather than slightly convergent at the ends He feels that this 
species is doubtful of identification since theie is a similar species m 
Caloneis baallum (Oruu ) Meresch (op at , p 236, fig 360 a) The present 
form in the nature of the stnatxons and the dimensions agrees w^ith Calonets 
hacillum (Giun ) Meresch But the longitudinal line close to the margin whuh 
is charactenstic of the genus C alonets is not clearly seen Under very high 
magnification, however, it looks as though there is a faint longitudinal line 
running close to the e^e of the valve, but the line-hke appearance may 
be a false one due to the edge of the \alve and is therefore not quite 
convincing 

Section Capitatm 
Pmnulana mtermpta W Smith 

Smith, W , Sm Pro Dial , Vol J, 186,1, p pi XIX, Hr 18^ , CWo, K 8v 
rX ‘Akad t HandLi part 2, Bd 27, No 3, 1805, p, 7(1 , Frltsch, F K , Ann S Afr Mm , 
Vol. IX, part VII, lOlS, p 500, flgs 40 a^-d , Pntsch, F B , and Rich, P , Trane iRoy 
8oc S Afnrttt Vol XI, 1025, p 384 , HuMtodt, Fr , Pascher’s Siteewaeeer FlnrUt Heft 
10, 1030, p 317 flfr ^#73 a h 

This is a very variable species All the forms present in the various 
collections showed interruption of the strise at the middle of valve 


Fig 00 — Ptnnukrrta £rtb6a Ehr f undukda f nov x IflOO 
Fio 100 — Amphora holeaUca Host x 1100 

Fig 101 — Tropwdoneie lopidopiera x 800 

Fig 102 — Amphora coffemformie Ag vat afrtvana Putsch and Rich x 1600 

ITio 103 — AmphtprorapaludoeaW Hmith var eubeahna C\ovo x 1000 

Pigs 104-105. — Amphora eojf am formie Ag x 1X00 

Pig 106. — Tfopiodanete leptdoptera (Greg ) Oleve Valvn view x 800 

Fig 107 "-Annular w/oscuifa (Lrfiflfcrst )Hust x 1600 

Flo 108 — Ptnnularta gtbba Ehr f . euhundulaia Mayer x 800 

Fjo 109 — Pinmdaria borealis Ehr x 1100 

PiO 110— PinnicZarioinferruptaW Smith! suhoapitoto Fritsoh x 1100 
Fio. 111. — PinnukkrtaacroephatrtaBreh x 800 

Fig 112— Annular iotntorruplaW, Smith f senwinoFritsch. x 800 
Fio. 113 — Annularia Bntunit (Gmn ) Cleve var. ampktcephala (A Mayer) Rust, t 
eubconioa f. nov. x 1600. 

FtG. lU.— Annularis virkHs (Nitsash) Ehr* x 800. 
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Kntsch m Ann S AJr Mus . Vol IX, Part VII, 1918, p 690. has grouped 
the different forms according to the nature of the margins, the polar regions 
and the interruptions of the striae in the middle 

69 Ptnnidana mterrupta W Smith f genutna Fritsch 
(Fig 112) 

Ptnnulana tnterruptn W Smith , W Smith, Byn. Brit Diat , Vol I, 1863, p. 69, 
pi XIX, Ok 184. 

Sides of the valves straight and parallel, striations interrupted at the 
centre of the valve Ends markedly capitate 

Dimensions — 

Tvcngth 61-70 /jl 

Breadth O-IO 6/i 

Stria* J 2 m 1 0 /! 

Habitat — Fresh water pond, Adyar, Madras (1) Very slightly 
brackish water, river (pooum, Madras (!) From the stomach contents of a 
fish in Penyar lake, Travancore, leg , B Sundararaj 

Tins form agrees with the description given by Fntsch and the figure 
given by W Smith and Hustedt (Pascher’s Snsswasser^Flora, Heft JO, 
1930, p 317, fig 673 6) 

(10 Pinnulana mterrupta W Smith f subcaptUUa Fntsch 

(Fig 110) 

Sjm. P euhoapitata, Oregorv, Quart Jour Mier Sa , Vol IV, I860, p 9, pi. 1, 
flg 30 

Sides of the valve straight and parallel Stnations mtenupted at the 
centre of the valve Ends not very markedly capitate 

Dmenstons — 

Ungth .. 26 * 7 - 36/11 

Breadth 5_7 ^ 

Strise lO-UmlO/* 

Habitat —Fresh water Pools near Elliot Beach. Madras, leg , M O P 
Iyengar Agn -Hort Gardens pond, Madras (1) 

This form is slightly smaller than f gmuma Fritsch from the specunens 
observed The stnations are far apart and it agrees with the figure given by 
Gregory {op at ) 
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61 Ptnnulana Braumt (Grun) Cleve 
var amphtcephtUa (A Mayer) Hust , fomia subcontca f iiov 

(Fig U3) 

Valves linear lanceolate with more or less markedly convex sides 
Slightly constricted below the poles and the ends slightly capitate and more 
or less wedge-shaped Axial area narrow Central area widened Stno: 
interrupted in the middle portion of the valve, radial in the middle and 
convergent at the ends 

Dimensions — 

ivcngth 40 43 /a 

Breadth 5 5-6/« 

vStriee HinlO/t 

Habitat — Fresh watei Pools near Klhot Beach, Madras, leg , M O P 

Iyengar (') 

This form comes very near P Braunn var amphicephula but differs from 
it in its ends being not so capitate as in the type variety, but in having 
only slightly capitate ends and also m the ends being not rounded as in the 
type but slightly wedge-shaped The fonn resembles in all respects the 
figure P mterrupta f Braumt Fntsch (P'ntsch, F E , Ann 6 Afr Mus , 
Vol IX, Part VII, 1918, p 692, fig 40 a, b) 

Section Dtsianies 
(>2 Pinnularta borealis Elir 
(Fig 109) 

<;ieve, £. 8v, V«( -Akad Uandl , iiart 2, Bd 47, No A, IHUo, p SU , \ au Ilturrl, 
Tra\W dea Dtatomdea, 1800, p 170, pi 2, flg 77 , HchOnfoldt, Pcuioliei’s S’uaauiiaaer 
PlorUiUettlO, 1019, p 100, ilg 227 , Boyar, Spn JV Am Btoi., 1027, p. 437 , PolKmin, 
J< B., Botanv of lotland, Vol, II, part 2, 1028, p 401 , Uostedt, Pr , Paachci’ii Suaa- 
waMor-Flora, Hoft 10, 1080, p 820, fig. 897 

Valves linear elliptical with broadly rounded ends Axial area somewhat 
widened in the middle Raphe thread-like, with strongly hooked terminal 
fissures Stnations coarse, slightly radial in the middle 

Dimensions — 

Eength 40-65 /t 

Breadth . . 9-II /a 

Stna! 4-6 in 10 ft 

Habitat — On a decaying fern leaf m w'atei Fresli water stream, 
Bearsbola, Kodaikanal, Folneys, leg , K S Snmvasan 
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This form agrees with the type , only the maximum lengtli m the 
material js much below that of the species given by Hustedt (28-UO/i 
long and 8~l8ft broad) 

It was a rare form in the Lollcctioii 

Section labdlanw 

6H Pinnulana f>%bba Ehr f \uhund%daia Mayer 
(Fig 108) 

1£umU(U, Fr Puhc h» Ts Heft 10, j Did ]i £27, 00 1 

Valvc*s linear with itlightly wavy margini* and gradually tapenng from 
the middle to the subcapitate ends Kuds rounded or slightly wedge-shaped 
Axial area of variable breadth, dilated in the middle Stnations radial in 
the middle, parallel above and convergent at the ends %^tria; interrupted at 
the middle portion 

Dtviensions — 

l*ength 100-127 /* 

Breadth 12-14^ 

Stria; 9 1 1 in 10 /a 

Habitat — Fresh watei As plankton of an irrigation tank at Vandalur 
near Madras, leg , K 0 Veeraraghavau Only few specimens were found 

64 Ptnnttlarta gtbba £hr f unduhta i uov 
{Fig 99) 

The undulations of the valve margins are mote pronounced There is 
only A very slight decrease m the breadth of the valve towards the ends 
The ends are strongly wedge-shaped 

Dimensions - 

Uength 68' 70 

Breadth 9-10 5fi 

Strijc 9-10 in 10 /i 

Habitat — Fresh water As plankton of an irrigation tank at Vandalur, 
Madras, leg , K 0 Veeraraghavan 

This form iii the wavy outline resembles P gtbba f stibundtdaia but differs 
from It in the undulations being more pronounced and the ends of the valves 
being not rounded but more or less wedge-shaped Again it is a very much 
smaller form than P gtbba f ^ubundulata both in length and in breadth. 
P gtbba f subundtdata is 100' 127 ft long and 12-14 ft, broad whereas the 
present form is only 68-70 ft long and 9-10 6 ft broad 
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Section BrevtsAntUtc 

65 Pinnidarta acrospheena Brebjbbou 

(Fig 111) 

Clove, A*. »S*w Vet-Alxud (wdl , part 2, Bd 27, No S, 180'>, ii 8(J , KtliOnfeldt, 
Paselier’n /JfisateoMer-A'lora, Heft in, lOlS, p 100, fig 228, Boyer. %ii N Am Dial, 
1927 p 441 . Hostedt, Fr , Paficlier’s 8&$$wa»»er-Floro, Heft 10, IBdO, p, 3.SQ, fig 010 

Valves linear, gibbons in the middle and at the ends Axial area broad, 
linear Median area punctate Stnatioiis nearly parallel and slightly radial 
at the ends 

Dimensions — 

I^ength .18-62 /jl 

Breadth 8-12/* 

Striae *> 12 lu lU/* 

Habitat — Fresh water brook, Masiugudi, Ootacamuud, Nilgiris, Kg , 
T Kkambarani, Agn -Hort Gardens pond, Madras (•) Ihesideney Colli'gt 
garden pond, Madras (!) 

In a few qiecunens the punctse iii tlie axial area were a bit difficult to 
decipher, though in all the other cases they were quite cleai In the iireseiit 
form the middle portion of the valve is always ratlier more swollen than 
the form figured m Hustedt This form was found here and there among 
other diatoms in the collections 

Section tomplextc 

66 Pmnulana vittdts (Nitzsch) Ehr 

(Fig 114) 

Bnyoi, Syii N Am Dtat , iV'il, p iiO , HtieMt, Ift , PiwrJu i’h 8u»tu-<u*«er-/ihra, 
ilofl 10. 1080, p ‘i.U, 6g 017 « 

Valves linear with sliglitly convex margins and rounded ends Kaphe 
complex Axial area narrow, slightly widened in the middle The central 
knot is clearly seen and is slightly shifted to one side Stria, coarse, slightly 
radial in the middle and convergent at the ends The longitudinal band is 
present 

Dimensions — 

hength 93-136/* 

Breadth . 18 6-20/* 

Strise 8-9 in 10/* 

Habitat —Fresh water Pools near Elliot Beach, Madras, leg , M O P 
Iyengar (t) 
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In the specimen>s observed the two margins of the valve appear slightly 
more jiarallel in the middle region than m the type In this respect it 
resembles P var sudehcn , but the longitudinal bands are quite well 

seen instead of its being not clear as in var sudettcii The Madras form has 
also got a resemblance to P sitfptofuphe Cl eve {Hustedt, Pascher s Silss- 
wasser-Flora, Heft 10. 1930. p 337. fig 620) But it is a bigger form (180- 
260 ft long) and also the raphe is more complex 

(h) Subfamily AmphiproroideeL 
Genus Amphtprora Ehrenberg, 1843 
67 Amphtprora paludosa W Smith 
var subsaltna Cleve 
(Eig 103) 

Clovu, A Sv Vet -Aknd Handl , iwrt 1. Bd 2H| Nu 2, 1891, p 11 , Hustedt, Fi » 
Poscher’g SitBtiwaaaer-Flora^ Heft 10, 1930, p 340 

Frustules membranaceous In girdle view broad with truncate ends 
Median line sigmoid Junction hue with a large sinus Prustulc strongh 
constricted in the middle 

Dtmemwn:)^ — 

hength 68-84 /a 

Stria: 23 m 10 /n 

Habtiat — Brackish water On moist soil at the banks of the river 
Cooum (*) 

The extremely delicate stride were seen under very high magnification 
The striae are tmel> punctate 

Genus Clevc. 1891 

08 J roptdonets leptdopiera (Greg ) Cleve 
(Pigs 101. 106) 

Clove. K Sv Vet -Akad Handl , part 1, Bd 20. No 2, 1894, p 25 , Boyer, Syn 
N Am. l>uit . 1027, p 480 

Amphiprora lOrWoiropw lepidoptera (Oreg ) Clevel; Van Heurck, Tratie* de 9 Dmio- 
m3M, 1899, p. 268, p 7, flg 287 

PrUstules elongated, more or less rectangular, strongly constricted in 
the middle Valves linear lanceolate with acute ends, central area indistinct, 
small Wing unilateral, projecting above the central nodule Transverse 
stnations finely punctate 
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Dimensions — 

I<eiigth 


Breadth 

Stnee 

- Brackish water 


85~U0/t 
15-25 ft 

about 23 in 10 f. 

Cooum estttary, Madras (t) Adyar estuary, 


« Habitat ■ 

Madras (I) 

This form occurs in the littoral regions, on the moist soil among other 
diatoms, forming a thin brown film 

(c) Subfamily domphocymbelloidea* 

CeiiUb Amphora Bhrenberg, 1840 
Section Haiamphora Clevc 
69 Amphora holsatica Hust 
(Fig 100) 

llustt'dt, Fi , FaHchci'H Siuawatuer- Flora, Ueft 10, IIMU, p .145. flg U.l.t 

Krustules lunate with slightly rounded poles The dorsal side is convex 
and the ventral side straight Raphe straiglit, parallel to the ventral margin 
Axial area on the dorsal side very narrow Transverse stnations radial, 
punctate, pttncta big 

Dimensions — 

lyengtli 36 6-50 ft 

Breadth 10 7-18 /* 

Stnse 15 in 10 /t 

Punctee 13-16 in 10 ft 

Habitat —Brackish water Cooum estuary, Madras (I) Adyar estuary, 
Madras (I) 

The form occurs in the littoral region, on the moist soil near the nver 
moutli, Cooum and in Adyar estuary This is found also in the plankton 
as stray specimens It agrees very well with the type 

70 Amphora coffeeeformis ^ardh 
(Figs 104, 105) 

Cleve, K, ISv Vet -Akad Hundl , pact 2, Bd. 27, No 3, 18S5, p. 120 , Van lleurtk, 
TraiW dee Diaiomtee, 1809, p 134, pi 24. fig. 681 ; SohOntaldt, Paacher’a SUemeamer- 
Flora, Heft 10, 1918, p. U3, flg 814 ; Boyer, Sun JV Am Diat , 1027, p 200 t Huetedt. 
Fr , Paacher’s SSeeteaoeer-Flon, Rett 10. 1880. p 846, flg 084, 

Frustttles in girdle view ellqitic lanceolate, truncate Valves arcuate 
on the dorsal margin and straight or sli^tly concave on the ventral margin 
Bnds of the valves slightly protracted and capitate Stnse deficate 

B4 r 
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Dimensions — 

Length 36-49 n 

Breadth 11-16 6 /a 

Stnse 21 m 10 pt 

Habitat — Brackish water Cooum estuary, Madras (I) Adyar estuary, 
Madras (') Bnnore backwaters, Madras (') 

The figures given by the various authors differ very much The Madras 
form agrees best with the figure of W Smith, Syn Bnl Dtat , Vol I, 1863, 
p 19, Pi XXX, fig 251 (Syn Amphora saltna W Smith) 

The diatom is found in abundance on rocks immersed under water near 
the mouth of the river Cooum and on moist soil on the banks of the river 
This IS one of the forms which is present throughout the year 

71 Amphora coffeaformts Agardh var afnca.na 
Fntzsch and Rich 
(Wg 102) 

'FritMCh and Uirh. Trantt Roy Ror.S Africa, Vol XVIIl, i>art 2, p 112, llg Sa-d 

Valves arcuate on the dorsal margin and straight on the ventral margin 
The ends are pronouncedly capitate and slightly bent outwards The dorsal 
side bears slightly divergent punctate striee , the ventral side structureless 

Dimensions — 

Length 25-37 p 

Breadth of the valve 4 5-7 p 

Striae 17-19 m 10 p 

Habitat —Brackish water River Cooum, Madras (1) 

This form was collected from the upper portion of the river Cooum 
where the water is fairly brackish 

Genus CymbtUa Agardh, 1830 
72 Cynibella aiptna Grun 
(Fig 124) 

Clevi', A. Sr Vel-ikad Ilandl pari I Bd 26, No i. 1601, p 101 , lluHiadt, l<i , 
pMcher’s SUtneawer-Flora Heft 10, lOSO, p. 332, fig 041. 

Frustules slightly asymmetrical Valves linear elhptical with convex 
Sides and slightly obtuse ends Raphe straight, slightly eccentric Axial 
atea narrow, slightly dilated in the middle Striae slightly radial and finely 
transversely liueate 
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Dimensions — 

Ivength 
Breadth 
Stnx 

Hahtai — Fresh water 
Srimvasau 

This form was found among other diatoms as a brown scum on decaying 
fern leaves It agrees verv well with the type 

73 Cytnbella lurgtia- (Greg ) Cleve 
(Fig 126) 

01( VO, K Hv Vet -Akad Handl , part 1, Bd 20, No 2, lOOi, p ION ; lluiitedt, Vi , 
I'aHchei’s Suaswasser-Plora, Heft 10, 1030, p 368, fig 000 

Valves lunate with highly convex dorsal side and gibbous ventral margiii 
and acute ends Raphe straight, the terminal fissures turned downwards 
Axial area somewhat broad Stnations radial in the middle and slightly 
convergent at the ends on the ventral side, punctate, puncta coarse 

Dimensions — 

I<ength 26 3-63 4/i 

Breadth 8 5-12 6/x 

Stnsc 8"llinl0^ 

Habitat — Fresh watei Agri -Hort Gardens ponds. Madras (') Presi- 
dency College garden pond, Madras (1) Mastngttdt brook, Ootacamund, 
Nilgins, leg , T Bkambaram Vaiyampatti stream, near Tnchinopoly, leg , 
MOP Iyengar Kodaikanal stream, Pulneys, leg , K S Snmvasan 

Hustedt gives the range of the length of the diatom as 30-100 /u. but 
states that most of the individuals are on the smaller side The South 
Indian forms range from 26 3-63 1 ft The mmimum length recorded for 
the South Indian form, vu , 20 3, is sUghtly lower than the minimum 
recorded previously for the type 

74 CymbeUa Hnstedtn Krasske 
(Fig 123) 

llustmlt, Pr„ PlMoher’s SUuweMer’ Flora, Botb 10, 1680, p. 803. flg 674. 

Valves asymmetrical, elliptic lanceolate with convex sides and rounded 
ends Raphe less eccentnc Axial area narrow, not widened in the middle 
Stnations somewhat coarse and slightly radial. 


33-38/* 

8 - 10/1 
6 8 in 10 /X 

Hill stream, Kodaikanal, Pulneys, leg , K S 
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Dimensions — 

length . 18'6-20fi 

Breadth . 7 ^ 

Striae 12-13 in 10 ix 

Habitat — Fresh water stream. Vaiyampatti, near Tnciunopoly, leg , 
M 0 P Iyengar Red Hills Lake, Madras, leg , S V Oanapati 

This form agrees with the dimensions and figure gi\ eu bv Hustedt . 

75 CymbeUa cistula (Hemp ) Grun var 
maculata (Kut^ ) Van Heurck 
(Fig 136) 

Van Hourck, Traite’ dea Dutiomiea, 1800. p 117, pi 1. Ar II . Uuatedt. Kr , 
I’aHcher’s SUaawaaarr-Flftrn, Heft 10, 1030, p 303, fig 876 b 

Frustules asymmetrical, boat-shaped Valves with ventral gibbous 
margin and truncate rounded ends Terminal fissures reflexed Stnations 
radial, punctate No isolated puncta on the ventral side 

Dimensions — 

Length 74-140 

Breadth . 18-31 ix 

StriGC 7-9 in 10 fi 

Punctec 18-22 m 10 /* 

Habitat — ^Fresh water stream, Vaiyampatti, near Tnchinppoly, leg , 
MOP Iyengar 

This form agrees with the type quite well 


76 Cymbella navtculiformis Auerswald 
(Fig 119) 

C'lcM', A' ,sv ]fcl Akad Hn/tdl , part 1, Bd 20, Mu 2, 1804, p 166, Boyer, 5yn. 
JV, Am Diat , 1927, p 281 , Hustedt, Fr , PMohei's Suameaeaer- Flora, Heft 10, 1080, 
p 830, flg 033 

Valves elliptic lanceolate with ri^rate capitate ends Raphe less 
eccentric Axial area narrow, linear, suddenly dilated in the middle 
Stnations radial, closet towards the ends, punctate, puncta very fine 

Dimensions — 


Length 

Breadth 

St rise in the middle 
Striffi at tlic ends 


30 p 

10/t 

12-14 in 10 (X 
18 m 10 n 
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Habitat — Fresh water stream, BearshoU, Kodaikanal, Pulueys, leg , 
K S Snmvasan 

Thrs form agrees with the type quite well 

Genus Gomphonema Agardh, 1824 
77 Gomphonema sphcerophorum Bhr forma subcapitata f nov 
(Figs 126, 127, 128) 

Valves elliptic, club-shaped with capitate round apex and base The 
capitate base is either smaller, equal or bigger than the capitate apex The 
constriction at the apex is onlv slight Axial area narrow, linear, central 
area small, unilateral with one stigma Stnations slightly radial 

Dimensions — 

Length 2&-38 n 

Breadth 6-8 

Striae 13-16 in 10;* 

Habitat — Fresh water Presidency College pond. Madras, leg , Miss 
John Fresh water stream, Masingudi, Ootacamttnd, Nilgins, leg , T 
Ekambaram 

The form agrees in most respects with the type but differs from it in the 
nature of its apical portion which is not so capitate as in the type The 
constriction below the capitate portion is not so very pronounced as in 
Hustedt’s figure (Hustedt, Fr , Pascher’s SUsswasser-Flora, Heft 10, 1930, 
p 372, fig 696) Again in shape the diatom vanes from thin and long to 
short and stout In all other respects it agrees with the type 


78 Gomphonema parvulum (Kutz ) Grun 
(Fig 121) 

Oteve, K Sv Vet.-ALad Haiidl , part 1, Bd 26, No 2, 1604, p 160 s Van Heurek . 
TraiU' de» Dutiomiaa, 1800, p 272, pi 7, 6g .100 , SchOnfoIdt, Pascher's SU$w>at$er 
Flora, Heft 10, 1013, p 124, flg 270 ; Boyer, Syn N Am Dtat , 1027, p 204 , Petereen, 
J. B., Botany of Iceland, Vol II, part 2, 1028, p 411 , Hustedt, Fr , Poseber’s SiUs- 
wuter’Plora, Heft 10, 1080, p 872, flft 713 o 

Valves lanceolate, club-shaped gradually tapenng from the middle to 
the ends Apex rostrate Axial area very nanow. central area unilateral 
with an isolated stigma Stiiations radial, very finely punctate 


Dimensions — 
Length 
Breadth 
Stria: 


24-32 fi 
6 - 7 #* 

14-16 in 10#* 


t % 
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Habitat — ^Fresh water Vaiyanipatti stream near Tnchinopoly, leg, 
MOP Iyengar 

This form agrees with the type qmte well 

79 Gomphonema parvulum (KtLtz.) Grun 

vat subelhpiica Cleve 

(Pig 122) 

Oleve, 8v Vet •Ahad Hand! , part 1 , Bd. 26, No 2, 180i p, 180 : Huatedt, Fr » 
Pascber's SUtsufoseer^Flora, Heft 10, 1030, p. 373, fig 713 b 

Frustuies more symmetncally elliptic lanceolate with scarcely rostrate 
a^iex Smaller than the species 

Dimensions — - 

l^ength 14 ft 

Breadth 6 

Striie 14 m 10 

Habitat —Fresh water Vaiyampatti stream near Tnchinopoly, leg , 
MOP Iyengar 

It was a very rare form m the collection The specimens agree with 

the type 

80 Gomphonema intncatum (Hiitz ) var 

vibrio (Ehr ) Cleve 
(Fig 116) 

Clerf>, JT. 8v Vet -Akad Handl , part J, Bd 20, No. 2, 1894, p 183 , Brhdnfeldt, 
Pascher’H Heft 10, 1913, p 122 , llustedt, Pr , PanclierV SUaneoater* 

Flora, Heft 10, 1930, p 376, ilg 098 


PXG 115 — Bhopalodia gihba (Ehr ) O MUlJ X 1000 

PiQ. 116. — Oomphonema intncatum (KOtz ) var vtbno (Bhr ) Clove x 700. 

Fig. 117 — Cfomphonemalanceolatum Ehr X 1100 

Pig. 118 — Gomphonema tanceolatum Ehr var ineignie (Greg ) Clove x 1100 

Fio 119 — CfpnbeUa navuiidtformts AxiorsvvBld X 1600 

Fxo 120 , — Rhopalodia gthberula (Bhr.) O MUll. var profroefa Grun x 1100 

Fig 121. — GompTkmenta parvulum (KUtz ) Grun x 1500 

Fig. 122 , — Gomphonema parvulum (KUtz ) Grun. var eubelhpitca Oleve x 1600 

Fig 123 — Cymlbdla Hueiediit Kraseke x 1100. 

Fig. 124. — CyrndeOa alptna Grun x 1100 

Fxg. 126 — CyfhbeUa turgida (Greg ) Oleve x 1100 

Figs. l2Q-2S,~^omphonema ephcerophorum Ehr t eubcaptiaia t* no% x 1000 
Fig 120.— JRAopolodta tpbda (Ehr.) O Mtill var venfncoea (Ehr ) Grun. x 1000 
Fio. 130 — BhopaSodia gOiberula (Ehr ) O HOll Showing rows of niioln between 
two Tibs X 1600 

Fig* l^l.’-^BpUhamiaaebra (Ebt ) Klltz. var easBomca (KOtz.) Grun x 1100 
Figs. 1B2->33 — Nifrse&ta eloeterium (Bhr ) W. Smith Showing ehloroplastB x 700 
Fta 184 . — Oomphonema laeeolaium Ehr x 1100 

Aa, 186.— BAopa2ec{iaiir«6fN»*ttZa (Bhr.) O MOll. x 1100. 

Fis- 180.— 0!frm6«RaeMwla (Hem Grun. rut, maeuMa (mtz.) Van Beurok x XlOO, 
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, Valves very slender, narrow and linear, slightly gibbotis in the middle 
with rounded truncate ends Axial area fairly broad Central area broad, 
unilateral with an isolated stigma Stnations sli^tly radial, clearly 
punctate 

Dtmmstons — 

Length .. 100 /t 

Breadth 10 n 

Stnse 10 in 10 fi 

Habitat — ^Fresh water Pond inside Agn -Hort Gardens, Madras (I) 

This form was found as a rare one in the collection It agrees very well 
with the descnption given bv Cleve and Hustedt and with the figure given 
by Hustedt 

81 Gomphonema lanceolatum Bhr 
(Figs 117, 134) 

Clcv 0 , K Sv Vet ‘Akad Uandl , part 1, Bd 20, No 2, 1804, p 183 ; SchOafeldt, 
PowLhpr’A SiiMunuaer- Flora, Uoft 10, 1013, p 123, flg. 288 . Boyer, Byn. N. Am. IHat„ 
1027, p 205 NuotodtiFr Paerhri 'h ^tirripaaaer- Flora, Heft 10, 1030, p 370, flg 700 

Valves club-shaped to lanceolate club-shaped with obtuse apex and 
somewhat tapenng basis Axial area broad Central area small, unilateral 
with an isolated stigma Stnations coarse, slightly radial, punctate, puncta 
big 

DtmenstoHs — 

Length 40-64 ft 

Breadth 9-10 n 

,'^trisc 12-18 in 10^ 

Habitat — ^Fresh water Ponds in the Agn -Hort Gardens, Madras (*) 

This form agrees with the type 

82 Gomphonema lanceolatim Ehr var 
insignis (Greg) Cleve 
(Fig 118) 

Olevc, K 8v Vet -Akad HaniU,, part 1, Bd 20, No. 2, 1804, p. 188 1 Boyw, Byn. 
N Am DuU , 1027, p 205 , Hustedt, Fr , Poacher’s BBaatesaaar-Flora, Heft 10, 1080, 
p 870. fly 700 

This IS distinguished from the species through the slightly distant strue, 
8-10 in 10 fi The apex is slightly more tapenng than the type 

Habitat —Fresh water Ponds m the Agii-Hott Gardens, Madras (1) 

This form agrees very well with the description and figure given by 
Hustedt. 
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(2) Family BPiTHEMiACEiiv 
(a) Subfamily Bpitbemioidese 
Genus Eptihemia Brebisson, 1838 
83 Epithemia zebra (Bhr ) Ktitz var saxontca (Kiitz ) Gnm 

(Fig 131) 

Schttntoldt, Paachpr’fl SVameoMter-Plora, Heft 10, 1013, p 140, Himtedt. Fr, 
Pasrhor’s SUemvaaser-Ftora, Ileft 10, 1030, p 336, % 730 

Valves arcuate with rounded and slightly produced ends Dorsal side 
rather highly convex and the ventral side slightly concave Costee robust, 
alternating with more than two rows of aenola: 


Dimensions — 

Length 

Breadth 

Costa: 

Rows of aerioles 


44-46 n 
9 S- Wfi 
2-4 in 10/1 
1 2 in 10 /I 


Habitat — Fresh water On deca3nng fern lea\es in a stream in 
Bearshola, Kodaikanal, Pulneys, leg , K S Snnivasan 

It was a very rare form in the collection This specimen agrees with 
the type 

{b) Subfamily Khopalodioideac 
Genus Rhopalodia O Mtiller, 1896 
84 Rhopalodia gtbba (Bhr ) O Mull 


(Fig 116) 


O Muller, Knftler'B Botan Jahrbueher, Bd 22, 189S, p 06. Tat 1, flga 16-17, 
flohOnfoldt. Paaohor'e SUatteauer-Plora, Heft 10, 1013, p 147, flg 324, Bo>er. Stm 
y Am Diat . 1027, p 491 , Tluntedt, Fr , Paechn’s fiUuwaner-Plora, Belt 10, 1030, 
p. 300, flR8. 740, 740 a 

Frustttles in girdle view linear, gibbous in the middle, broad, gradually 
slightly tapenng to the ends Valves linear, arcuate on the dorsal, straight 
on the ventral side, reflexed at the ends Costse. strong, two to three aeriole 
rows between two costse. 


Dmenstons — 

Length 

Breadth 

Costse 


83>I04m 

21-26 /t 

6—8 in 10 ft 


f • 
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Habttat ~l?TeB)x water brook. Masingttdi, Ootacamund, Nilgins. , 
T Ekambarani Red Hills I^e, Madras, leg , S V Ganapati 

The rows of aenolse were not observed even tinder a very high magnifica- 
tion The specimens agree with the type 

86 Rhopalodta gibha (£hr ) O Milll 
var ventncosa O^hr ) Grun 
(Fig 129) 

Hustedt, Fr , Poacher’s 8%iMwaa»er-Flor<i, Heft 10. 1030, p 301, flg. 741 

This variety is distinguished from the species by its stronj^y gibbous 
nature in the middle, tapenng strongly towards the ends, thus making the 
frustule compact 

Dimensions — 

hength 66 ft 

Breadth 21 ft 

Costae 6-8 in 10 ft 

Habitat — Fresh water 'brook, Masingudi, Ootacamund, Nilgms, leg , 
T Ekambaram 

This form was found only as a stray specimen among the species 
Hustedt {op cil , p 391) has observed such an occurrence The few speci- 
mens that were noticed are similar to the figure given here The tapenng 
from the middle to the ends is intermediate between the species gtbba 
(Ehr ) O MUll and the var ventncosa (Ehr ) O Mhll 

86 Rhopalodta gtbbenda (Ehr ) O Mfill 
(Figs 130. 136) 

SchOnleldt, Posoher's Sfi»itwue»r-FU>Ta, Heft 10, 1018, p. 148, Og 320 ; Hnatedt, 
Fr , Paaoher’s fitflcnetwwr-Ftora, Heft 10, 1^0, p 301, Og 742 

Frustules in girdle view long, elliptical with rounded ends Dorsal 
side highly convex , ventral side more or less straij^ in the middle portion 
The aenole rows distinctly seen between two costae 

Dimensions — 

Length . 36-42 ft 

Breadth 20-24 ft 

Costae . . 3-4 itt 10 ft 

Rows of aerioles between two costae 2-8 

Habitat — Brackish water Adyar estuary, Madras (!) 

This form agrees with the figure and descnption given by Hustedt, 
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87 Rhopalodta gtbherula (Ehi ) O Mtill 
var protracta Grun 
(Fig 120) 

HiMtodt, Fr , Pasoher’n SitstuMwccr /^lora. Heft 10 1030, p 301, flg 743 
This slightly differs from the species in having a slight depression on the 
dorsal margin near the ends Buds taper and are pointed 
Dimensions — 


Bength ffS 4>i 

Costae 3~4 in 10 fi 

Rows of aerioles between two costae 2-8 


Habitat — Brackish water Adyar estiiay, Madras (') 

This form was found along with other brackish water diatoms on mud 
inside water as a greenish film It agrees with the type 

(1) Family Nitzschiace^ 

Subfamily Nitzschioideae 
Genus Hanizsckta Grun 1880 


88 Hantxschta amphtoxys (Bhr ) Grun var vtvax (Hantz ) Grun 

(Fig 148) 

Van Uaurok, Trade' dee Dialomtea tSOO, p 331 pi 15, llg 480 6, HcbOnteldi, 
Poacher’s SVMteaaatr- Flora, H( tt 10, 1013, p 101 , Boyer, Syn N Am Drat , 1027, 
p. 528 , Hustedt, Fr , Pascher’a Siltnvmur- Flora, Heft 10, 1030, p 304, flg 750 

Valves linear, slender and with longer ends than the species Keel 
puncta short, the median distant 
Dimensions — 


Bength 
Breadth 
Keel puncta 
Strue 


61-76#* 

6 6—8 fi 

6-8 in 10 fi 
13-18 in 10#* 


Habitat — Fresh water Pools near Blliot Beach, Madras, leg , M O P 

Iyengar An irrigation tank at Vandalur, Madras, leg , K G Veeraraghavan 
This IS a rare form m the collections Only a few stray specimens were 
found This form agrees with var vtvax in all rdfqiects 


Genus BactUana Gmelin, 1788 
89 BaaUana paradoxa Gmelin 
(Figs 144, 146) 


Toni, jffffll -Aly,, Vol II, part 1, 1301, p 4M , Schflntttldt, Paacher's SUttwamer- 
JiWa," Itpft 10, 1918, p 140, flg 388 , Kaxatan, u., Bn^ar and PMOtl’a Nat, PJUuen- 
familUn, Bd, 8, 1023, p, 204, flga 300, 100, 100 Beboar, M V., PlanMome 
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DxatoiM of Nort/tern Seat, 1930 p 211, flg 175 , Huvledt* Fr , Puctacr’ii S^Stuwtuter- 
Flnra, Hpft 10, 1030 p 300, fls; 755 a h 

Frubtules in girdle view linear rectangular united m bundles to form 
plates Valves linear, spindle-shaped Cannal dots form a row m the 
middle portion of the valve The striae are very fine 
Ditnenstons — 

Length 80-105 ft 

. Breadth . . 5-6/* 

Cannal dots 6-8 m 10/* 

Strue . 20-25 tn 10 /* 

Habitat — Brackish water Adyar estuary, Madras (!) 

This form occurred among other diatoms on the surface of the moist soil 
as a brownish scum They were showing the charactenstic gliding move- 
ments when collected 


Genus Nitzschia Hassal, 1845 
Section Trybhonella (W Smith, Grunow) Hustedt 
^)0 Nitzschia trybhonella Hantzsch var levtdensts (W Smith) Grun 

(Fig 141) 

Van Heunk, TraxW dee Dtatomiee, 1800, p 385, pi 16, Ar. 404 ; AchOnteldt, 
Poschorn /?il»«wamer-Floro, Heft 10, 1913, p 151 , Boyer, Syn fT Am. Thai., 1927, 
p 405 , Hustedt, Fr , Paerher’s SViuteaeaer-Flora, Heft 10, 1030, p 309, fig 700 

Valves linear with slightly concave margins Ends we^e-shaped and 
rounded A clear longitudinal fold m the middle of the valve is present 
Keel very eccentric Stn» clear 

Dimensions — 


Let^h 
Breadth 
Keel punctw 
Strite 

Habitat — Fresh water stream, Vaiyampatti, 

MOP Iyengar Fresh water pond, Presidency College Garden, Madras (!) 

This IS a rare form in both the collections. The ends are a bit 
produced than in the var levtdensis as figured by Hustedt 


40 /* 

9 /* 

12 in 10/* 

11-13 in 10/* 

near Tnchinopoly, leg , 


more 


Section Ltneares (Grun) Hust 
91 Nttzschia vtirea Norman 


(Fig 14S) 

Von Heurck, Tnite' dee Dmiomiee, 1800, p. 300, pi. 10, Og. 644 ; Boyer, Syn. N 
Am Died , 1087, p, 610 . Hustedt. Fr . PMeher’s SIlMWMMr-Flora, Heft 10, 1030, 
p. 411, fig 787. 
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Frustules in girdle view linear, rectangular, with parallel sides and 
truncate rounded ends Valves narrow, with parallel margins Keel puncta 
somewhat rounded Striations fine but distinct 

Dimensions — 


Length 
Breadth 
Keel punette 
StriK 

Habitat — Brackish water 


76-101 /I 
7 6-11 ft 
6-7 m 10 ft 
20-22 in 10 ft 

Plankton of river Cooum, Madras ( '} 


This was only a stray form in the plankton 
quite well 


Section Lanceolata Grun 


It agrees witli the type 


92 Ntizschta amphibia Grun 
(Fig 149) 

Van UluicL., Tratic’ lUs Diulomiea, ISOW ]> 10 > pi IT fl(( 50.1 , Sclioiifcldt 
I’anchep’B S{laateM«^r-/i’lora, Hett 10, 1913, p Iu8, flg 340, Boy(‘i,f?vN A' Am Dutt , 
1927, p 621 , Hustedt. Fr , Poacher’s SCtammsaer-Flwa, fleft 10, 10.30, p 414, fig 70.1 

Valves linear to linear lanceolate with the ends slightly produced some- 
times and rounded Stnations coarse and punctate, puncta big 

Dimensions — 


Length 
Breadth 
Keel punctec 
Strise 


1 4-30 ft 
4-6 ft 

6-8 in 10 ft 
14-17 in 10ft 


Habitat — Fresli water Common and wndely distributed Ponds, Agri- 
Kort Garden, Madras (') Adyar fresh water pond, Madras (') Roadside 
ditch, Guindy, Madras (') Stream, Voiyampatti, near Tnchinopoly, leg, 
MOP Iyengar On the moist wall of a house, Triphcaue, Madras, leg , 
MOP Iyengar, wherein only this species was found as a pure species in 
abundance 

This form agrees very well with the type 


93 Htisschia palea (KUtz ) W Smith 
(Fig 146) 

Smith. W.. Spn. Bnt Dial . Vol II, 1863. p 80 , Vm Meiirok, Traite’ 4 m DuUa- 
mtu, 1800, p 401, pi 17, fig 554 , Hoh6nlol<lt, Pasoher’a SHMUiauer’Flon, Hofl 10, 
1018, p 160, fig. 362 1 Boyer. Syn S Am, DuU., 1027, p 621 , Ft., PMcher’a 

snMfeoMtr-Ftora, SLott 10, 1080, p. 418, fig. 801 
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Kiti 137. — 6'ur»r«iia iewra Crvett x 70U 

Kio 138 — iSunrella eleifflua (Hrd)o x 300. 

Via, 130 — Surtrella ovaft^ Breb x 1000 

Fxa 1 40 — Sunrelia ele^anr Bhr. Vajvc view x 350 

fio. 141.-— JVttffMAia ir^ltoMUa HAotz var. l0viden^ <W« fitasith) Qma* X 800. 
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Valves linear to linear lanceolate with short wedge-shaped tapenng ends 
Stnations very delicate 


Dimensions — 

length 
Breadth 
Keel punctte 
Stnse 


40 - 64/1 
.V4 6/t 
10-15 m 10/1 
about 40 in 10 /i 


Habitat — Fresh and brackish water This is a comnion form 
found in pools, ponds, streams, ditches, moist soil, etc This forms the 
plankton of the river Cooum, dunng the North-East Monsoon season It 
occurs 111 abundance on the moist soil of the beach dunng this season 


It agrees well with the type 


Section Oblusce (Gruii ) Must 
94 Nitzschia obiusa W Smith var 
scalpeUtformts Gnin 
(higs 142, 147) 


Von Ueurck, I’raite' daa Vuxlomiee, 1890, p 307, pi 10, % 538 , Boyei, liyn N 
Am Diat , 1027, p 517 j lluiitedt, Fr , PssoIiof’m SuwteaMfT' Flora, Helt 10, lO^lO 
p 422, fig 817 d 

Frustules broad, linear with ends obliquely truncati Keel fairl> large, 
inflexcd in the middle region The two median ktcl puucta distant .Stna- 
tions punctate, punctee fine and linear 

Dimensions — 


Eength 
Breadth 
Keel punctsc 
Stnae 


89-112/* 
10-12 /* 

0-8 in 10 /* 
26-27 m 10/* 


Habitat —Brackish water River mouth, Cooum, Madras (') 
estuary, Madras (I) 


Adyar 


^o. 142.— NtlxMAM (Muaa W Smith vox. tcalpMifornuo Qrun Hbowtng Uw c«nn»l 
^ dots *p<i the transveno punctate iitnm x 1000. 

Fie. 143. JfUuehUi vUrea Norman. Oirdie view x 300 
Fta.Hi.—SaeiUanaparaioaaQmohn Oellsinaband. x 330. 

Flo 146 . — BariUeerta paradoKa Omelin Vnlve view x 700 
Fie 146.— NtiMohto paka (Kttts ) W . 8mith. x llOO. 

Tko. 147.— JViteeMa oWuva W illniitb var eealpSthformu Omn X 700. 

Fra. I48.'>-ManfHehu> amphxoxm (Ehv ) Oran var vlvor lllantsacb) Oran x 300. 
g|g^^l40.— NitewhM amphAia Oran X 1600 
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This form is found in the littoral region and also in the plankton of the 
river Coonm It agrees with the type The stnations when seen under 
very high magnification are composed of fine linear pttnctse 

Section NttzschieUee (Rabh ) Gmn 
95 Nttzschta closfentm (Khr ) W Smith 
(Figs 132, 133) 

Smitli. , Syn Jiril Dud , Vul I, 18o3. |> 42, pi XV, (Iff 120. Omn, H U , 
yorduehtM Planktmi, Botamarhf^r Tetl, B VIII, 10. 1008, p 120 fig 172 ; Boyer, 8gn 
N Ant Dnit . 1027, p 520 , Lebour M V , The Planktonic Dtatoma of Northern 8eae 
1070, p 212, Ok 170 , Hustedt, Kr Pasdior’s Sttaewaaerr-Plora, Heft 10, 1020, p 421, 

«K 822 

Valves spindle-shaped in the middle The ends extended into long 
beaks tisuallv slightly bent in a semi-circle or sometimes curved in opposite 
directions Stnations not rtH-ognizable 

Dimension!, — 

I,ength 75- lift 6 p 

Breadth 3 6-6/* 

Habitat — Brackish water Plankton of the nver Cooum, Madras 
This was almost constantly present in the plankton throughout the vear. 
The maximum development was during the month of January when they 
were found as 62,000 per c c of the water, colouring the water yellowish 
brown Kolhe [Planzettforschung, Heft 7, 1927, p 103) remarks about the 
occurrence of this in abundance during i^nng 

This form agrees with the type 

(4) Pamtly Surirsixacba 
{a) Subfamily Sunrelloidese 
Genus SunreUa Turpin, 18*28 
96 SunreUa tenera Gregory 
(Fig 137) 

Oiigury, Quart Jour Mur Set, Vo) IV, 1830 p 11, Boyer, Syn X Am, Dial , 
1027, p 640 , Huatodt. Pr , Pnacher’a StXeewaeeer-FUmi, U«ft 10, 1080, p. 488, flff. 863. 

Valves narrowly elliptical, rounded at one end and acute at the other 
Central space narrow* Costs rather indistinct and faint 

Dtmenstofis — 

Utiglh 110-140/* 

Breadth . . 3l-*7 /* 

Costse . . .. 26-40 in 100 /* 
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HahtUU — ^Fresh water stream, Bearshola, Kodaikanal, Fulneys, leg , 
E. S Snnivasan 

This form agrees with the description and figures given by Gregory and 
Hustedt. 


97 SurtreUa elegans Bhr 
(Figs 138, 140) 

Schfinfeldt, Pasrher’s Su»fitva»Mfr Flora, Hoft 10, 191J, p 107, llg 372, Hover, 
Sg/n N Am Dial , 1027, p 537 , Hiwtedt, Fr Paschoi'n Sutswamm-- Flora, Heft 10, 
1030, p 440, fl|!H 858, 850 

Frustules in girdle view wedge-shaped Valves narrowly or broadly 
ovate, rounded at one end and acute at the other end Central space narrow, 
lanceolate Costee broad 

Dimensions — 

I,ength 146-200^ 

Breadth . 52-70 ft 

Costs 14-16 in 100 fi 

Habitat — ^Fresh and slightly brackish water Common Fresh water 
ponds, Agn -Hort Gardens, Madias (’) Stream, Vaiyampatti, near 
l^ichinopoly, leg , M O P Iyengar An imgation tank at Vandalur, 
Madras, leg , K G Veeraraghavan River Cooum, from the upper 
portion (!) 

This fresh water form was also able to grow in portions of the river 
where the salinity of the water ranged opto 0 076% Kolbe groups 
this under " indiffemt forms ’’ 


98 SurtreUa ovalis Brebisson 


(Fig 189) 

flhnith, W, Syn Brit, Dial, Vo! I, 1853, p 83, pi IX, Dr 88, flchdnfeldt. 
Paselier’* Hoft 10, 1013, p 170, fla 374 , Bowr, Am Dial, 

1927, p 641 , Hustedt, Kr , PaHcher's ^Utnoasur- Flora, Helt 10, 1930, p 441, fljfs 
880, 861 

Valves ovate, acuminate, costse short, margitpil, radial and unequal 
Central space rather indistinct Stnations radial 


Dtmeusiotu — 

I<ength 

Breadth 

Costse 

Stnse 


. . 42-80 /t 
. . 28—43 It 
• , 44—48 in 10 it 
. 15 m 10 It 


« • 
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Halntat —Fresh water Brook, Manogudi, Nilgiris, leg , T Bkambaram 

This form agrees with the type The inner hnut of the costse are clearer 
tinder a higher focus 

The author wishes to express his great indebtedness to Prof MOP 
Iyengar, M A , ph D (Lond ), p i. s , for his constant help and guidance dunng 
the whole course of this investigation and in the preparation of this paper 
My sincere thanks are also due to the authorities of the Umversity of Madras 
for the awaid of a Research Scholarship during the tenure of which the 
present investigation was carried out 
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EXPL\NATION OF UICROPHOTOGHAFHS 
Plate XVIl 

Pro 1 — Aehnant^wa coarctata Breb var paraflella var nov Showmpc their epiphytic 
nature Colla are united both by their valves and by their endA X 180 

Fig. 2 — Coacinodtaeus Orann Ooufih Valve ehowin^c the aniolationn y 130 

Fig 8 — Dtploneut aubovalis Clove Hhowmpf the double rows of alveolt x 2000 

Fig 4 —Dtploneia aubovaUa Cleve The same frustule (its in fij? 3) taken at a lower 
focus HhowinfC the prominent ccistre with their capitate ends almost 
touching one another x 2000 
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Wrtw « fitMddali Water t Fr. Water » Fmh Water. 
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Perademya, Ceylon i l^vortBow (1930) 
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STUDY IN DISEASES OF FISH: FIN-ROT— 
A BACTERIAL DISEASE OF FINS OF FISH 


By Dr Hamid Khan, M Sc , 1,T^ B (Punjab), Ph D (Cantab ) 

{Ftahertea Reaearch Punjab, Lyallpur) 

BtJcejvM October 1«% lOiO 
(Communuaied bf Dr B L Bhatin, n so , F N j ) 

In November 1938 heax^y mortality occurred among Gourami fingerlings 
[Osphormenus gour&my LacepMe) when these were being transported by 
canal from Madras Fisheries Farm, Sunkesula to Kurnool Town — a distance 
of n miles — in a " live-car” * The fingerlings, before despatch, had been 
” conditioned” for a day or two, i e , had been confined in a " conditioning- 
car”* — a wooden framed box with wire netting on all sides — ^kept in water 
and starved 

In all the dead fry it was observed that the caudal fin was frayed, and 
observations made on the dying fingerlings, en route from Kurnool Town 
to Delhi, showed tliat the epidermis from the caudal fin was gradually being 
eaten off and the caudal rays were consequently getting exposed In some 
cases the dorsal and anal fins had also been affected (Plate XVIII, Figs 1-4) 
The sick fry swam near the surface of the water in the container, lost their 
balance on the caudal fin becoming frayed upto its base, turned upside down 
and died, the dead ones sinking to the bottom 

The author had noticed similar symptoms among Rainbow trout fry 
when they were attacked by fin-rot ' In order to investigate the matter 
m detail, freshly dead Gourami fry were taken to the Imperial Agricultural 
Institute, New Delhi, and examined by the Assistant Bactenologist His 
jpreparation from affected caudal fin (Plate XVIII, Fig 5) showed exactly 
sunilar rod-shaped bacteria as had previously been observed by the author in 
Rainbow trout suffenng from an attack of fin-rot 

* " htw-ear ’* Is a wooden banel, conical at one end and round at the other, with 
a small opening at one side It is made to float in water and has been m use for trans. 
potb of alive fish by Madras Fisheries Department for a number of years, 

* CoruMionxng-oar ” is similar to '* live-ear ” used in the Poniab for keeping 
try under observation. Its photograph was given by the author In Journ. Bomb. 
Sot. But. See , 1024, 20, No 4. 

* Bamid Xhsa, " Notes on the diseases of Trout at the MabUi Ratohery— Kulu— 
Punjab’*, md., 1020, 40, 4, 668>68. 
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Inocidatton of Rainbow Trout Fry 

Some dead Gourami fingerlings were brought m water to I^yallpur and 
examined by the Agricultural Bacteriologist Saproj^hytic bacteria, in 
addition to pathological ones, had also made their appearance by that time 
To obtain pure culture of pathological bacteria, healthy Rainbow trout fry 
measuring from 52 mm to 66 mm in length, biought from Punjab Govern- 
ment Fish Farm at Madhopur, wtre inoculated on the 9th November 
1938, at 4-30 p m with bacteria from the affected parts of the dead Gourami 
as follows — 

(i) The caudal fins of three healthy Rainbow trout fry were scratched 
wnth sterilized needle and rubbed with the caudal fin of the 
diseased Gourami fingerhng, and 

(n) three Rainbow trout fry, with scratched caudal fins, were simply 
placed in contaminated water in which the diseased fish had been 
lying 

Four Rainbow trout fry with scratched caudal fins were kept as control 
m uncontaminatcd water The experiment was conducted in aquaria m 
Fisheries Research laboratory at Lyallpur Temperature of water ranged 
from 62® F -86“ F and source of water supply was ordinary tap water 
Aeration of water in the aquaria was maintained by Semper*s Aerating 
Apparatus 

Pr ogress of the Disease 

Rainbow Trout Fry No 1 — On the 10th November, at 8 a m , fry 
No 1 (Plate XIX, Fig 2) showed slightly whitish area on the free extrenuty 
of its caudal tin On the 11th, it was seen swimming near the surface of 
water and its caudal fin was slightly exposed at its extremity On the 12th, 
the rays of its caudal fin were almost totally naked and tlic disease had 
spread with great rapidity to its caudal peduncle and anal fins Ihe caudal 
fin rays got disintegrated and soon after the fry lost its balance, and while 
It was dying its caudal fin was cut for culture of bacteria The fry died on 
the 12th November at 2-30 pm, %e , after about 70 hours after 
inoculation and 54 hours after the symptoms of the disease became visible 
externally 

Rainbow Trout Fry No 2 [Plate XIX, Fig 3) — Showed external symptoms 
of the disease on the Uth November, at 8 am On the 12th the fin 
rays of the caudal fin had become exposed and on the 13th, the caudal fin> as 
well as the caudal peduncle, were seriously affected The colour of the fry 
had become dark and it swam near the surface of the water The fry died 
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at 11 am, on the 13th November, z e , 90 hours after inoculation and 
51 hours after the disease had become visible externally 

Rainbow Trout Fry No 3 — In Rainbow trout fry No 3 (Plate XIXi 
Fig 4), external syniptonib were visible on the 12th November and the fish 
died early m the morning on the 14th 

Rainbow Trout Fry No 4 — Out of the second lot, m which the caudal fin 
had been scratched but not inoculated and the fry had been put in contami- 
nated water, Rainbow tioutfryNo 4 (Plate XIX, Fig 5), showed external 
symptoms on the 11th November On the 12th, its caudal fin rays 
were slightly exposed and on the 13th it died at 11 a m 

Rainbow Trout Fry Nos 5 and 6 —Rainbow trout fiy Nos 5 and 6 
showed external symptoms of the disease on the 12th No^ ember and we. e 
found dying on the 14th Upper lobe of the caud<vl fin (PLte XIX, Figs 6 
and 7), had partially dismtegiated and caudal peduni^le WevS aiiected upto the 
base of the adipose fin Ihe infection had spread to the anal fin loo Fry 
No 6 died on the I2th, at 12 a m , and No 6 at 3 p m , on the 14th 
November 

Rainbow trout fry kept as control did not show any symptoms of the 
disease 

Rainbow Trout Fry No 7 — On the 14th November, when all inocu- 
lated fry, as well as those which had been put m contaminated water, had 
died, one fry from the control was transferred to the contaminated wrater 
and its caudal fin, without being scratched, was lubbed against the caudal 
fin of recently dead Rainbow tioul fry at 12 a m On the 15th, the disease 
appeared on its adipose fin and the tissues at the base of this fin were 
seriously affected (Plate XIX, Fig 8) The fry died on the moriung of the 
16th November 

Rainbow Trout Fry No 8 — On the 16th November, at 9-30 a m , 
another fry from the control was inoculated on its caudal fin after it had 
been scratched, by rubbing it against the caudal fin of recently dead Rain- 
bow trout fry On the 17th the fry showed disease at the base of the caudal 
fin and the caudal peduncle was seriously affected (Plate XIX, Fig 9) On 
the 18th attempts were made to cure the fry by putting it in co|)per sulphate 
solution (1 5,000), but the disease had advanced too much, caudal fin rays 
had disintegrated and the tissues at the base of the caudal fin had been 
invaded Consequently the fry died on the morning of the 19lh November 
The Rainbow trout fry infected with the disease, thus, died within 70-11 8 
hours after inoculation and within 50-55 hours after the external appearance 
of the disease 



Table shomng the Progress of Fin-rot Disease in Rainbow trout fry inoculated with the Disease from 

Gouramt (Osphromenas gour^i Lacepedd) 
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* Length is opto the base of the caodal fin, which on aocoont of its damaged condition has not been included in the mesnrement 
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The dead fry in all the cases sank to the bottom 
Immumty of Indigenous SPectes 

Six months old fry of Rohu (Labeo rohita H B ) and Morakha (Cirrktna 
mrtgala II B ), well-known indigenous food fish ofthe Punjab, were inoculated 
at the same time and in a similar manner as those of the Kainbow trout 
But these fish were found to be totally immune to the disease 

Etiology and Pathology 

Preparations made from Gourami (Plate XVIII, Pig 6), and from Rain 
bow trout fry (Plate XVIII, Fig 6), show similar rod-shaped bactena, which 
are found in large numbers in the infected tissues It is, therefore, apparent 
that the causative organism of the disease, both in Gourami and Rainbow 
trout, IS the same, as it is so uniformly present in the diseased tissue Davis 
(1937)* described the causative organism of fin-rot to be “ a rod-shaped 
bacterium, which can usually be found in large numbers in the infected 
fins” Though no figures are given by him, it is, however obvious from the 
etiology and pathology of the fin-rot disease given by Davis, that the 
causative organism* of the disease in Gourami and Rainbow trout is the same 
as causes the fin-rot The infection usually starts on the outer margin of the 
fin and rapidly spreads to the underlying tissues The fins which have 
been injured or scratched are the first to be attacked 

Davis (1937) is of the opinion that " in small fingerhngs the pectoral 
fins usually are afiected first, the dorsal fins being attacked next, and the 
infection may spread eventually to the other fins, although they are rarely 
as badly affected " In the Gourami and the Rainbow trout fingerhngs. m 
the present case, however, the sequence in the order of infection was different 
from that described by Davis In almost all cases in the Gouraim, caudal 
fins were affected before the dorsals and pectorals In the Rainbow trout 
fry, too, the inoculated parts of the caudal fin developed the infection first 
According to Davis (1937), '* In young fingerhngs death usually occurs 
before the infection extends beyond the fins, so that the occurrence of lesions 
on thO body is rare " The present investigations show that the disease in 
the case of Rainbow trout fry had spread with great rapidity to the under* 
lying tissues at the caudal peduncle where lesions were formed before the 
death occurred, while in Gourami, the fii^erlings died befme the infection 
extended beyond the fins 

* Davin, IT. n . “ Care and Dleeaees o( Trout,” Bureau of Fiehenee, TT 8 A , 
Inveetigatumal Brpori, 1037, Mo 8fi, 68-00. 

* Culture ot causative orgasiem. on some ol the oonunonly used lAbocatory media 
at Lyallpur was not sueoeMful 
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Attempts to save the diseased Rainbow trout fry, under experiment, 
by giving them bath of copper sulphate solution (1 6,000) for 2 minutes 
were not successful as the disease had spread to the underlying tissues 
Control measures can only be effective in early stages of the disease 
before the bacteria have penetrated the tissues Davis (1937) recom- 
mends " dipping the fish for 1 or 2 minutes in a 1-2,000 solution of 
copper sulphate ” The copper sulphate solution of the strength recom- 
mended by Davis has been found to be too strong for young fry 
It has, however, been possible to treat the diseased Rainbow trout fry 
successfully by putting them in copper sulphate solution of 1-20,000 strength 
for 10 to 15 minutes It is impossible to cure fish in advanced stages of the 
disease and all such fish should be destroyed before any control measures are 
adopted as otherwise they will contaminate the water and form a peimauent 
source of infection Even healthy Rainbow trout Ivy, as the investigations 
have shown, when placed in contaminated water, develop the disease with 
great rapidity It is, therefore, very essential to disinfect thoroughly all 
troughs, hatching and rearing trays, " live-cars ” and "conditioning-cars” 
before putting healthy fry in them 

Rainbow trout fry have been found to suffer from the fin-rot at the hat- 
cheries, when they are overcrowded in a live-car It has also been found that 
any injury, whether mechanical or otherwise, caused by external parasite, 
makes the fin more susceptible to the disease It has also been noticed that 
dirty, muddy ram water not only aggravates the disease, but has been found 
to be directly responsible for an outbreak of the disease among Rambow 
trout fry In the present case too, it seems, that transport of Gourami 
fingerhngs by canal, where water was to some extent dirty, aggravated the 
disease and the fry died very rapidly 

Conclusion 

Fin-rot has been found to be a serious disease of Rainbow trout finger- 
lings at the Hatchery The mortality is very high and it has been obsoved 
that within one week from the outbreak of the djsease thousands of fry have 
died The present investigations indicate that if once this disease enters 
a Gourami Farm, and if due precautions are not taken, it is likely to play a 
great havoc with the fry as well as with the adults With due precautions 
it IB possible to safeguard an outbreak of the disease It is expected, there- 
fore, that the present investigations, which have established the suscepti- 
bility of Gourami to fin-rot, will have far-reaching effect on cultivation of 
Gourami in Inland waters in India 
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1 Study of fin-rot, a bacterial disease of the fins of fish, has been made 
by inoculation of healthy Rainbow trout fry with the disease from diseased 
Gourami {Osphromenus gourimy Lacep4de) fingerhngs 

2 The Rainbow trout fry infected with the disease died within 70-118 
hours after inoculation and 50 to 65 hours after the first externally visible 
symptoms of the disease 

6 Pr^arations from the diseased Gourami and infected Rambow 
trout fry show exactly similar causative orgaiusm, which is a rod-shaped 
bactenum, present in large number in the infected tissues 

4 Overcrowding, dirty and muddy water aggravates the disease 

6 Cc^er sulphate solution (1-20,000) bath for 10 to 16 minutes 
has been found to cure the fry in early stages of the disease It is impossible 
to cure fish in advanced stages of the disease, and all such fish idiould be 
destroyed before adopting any control measures 

6. Fry of ind^ienous fish such as Rohu {Ltibeo rohtta H B ) and Moralcha 
(CtrrAtna nmgah H B ) have been found to be immune to fin-rot 
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